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ADVERTISEMENT. 



THIS Edition of Mr. Gibson's Treatise of 
.,, Practical /purveying, is in some particulars, dif- 

ferent from the copy published by the Juthor, 

'^^ Alterations have been made^ adapting it to our 

f^ country. Some articles of little or no importance 

^, have been entirely omitted; and others of more 

^ utility introduced : amongst which are a complete 

- ^^ set of tables of latitude and departure to the dis- 

tance of 100, and to every 15 minutes of the quad- 
rant ; a table of logarithms from 1 to 10,000,- 
and a table of 'artificial sines, tangents, and se- 
cants s alsOy an example of calculating the con- 
tents of a survey, according to the method com- 
monly practised in the Surveyor^GeneraCs office 
of Philadelphia^ 
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PREFACE^ 



THE word Geometry imports no more than to 
measure the earth, or to measure land ; yet 
in a larger and more proper sense, it is applied to 
all sorts of dimensions. It is generally supposed to 
have had its rise among the Egyptians, from the 
riyer Nile's destroying and confounding all their 
land-marks by its annual inundations, which laid 
them under the necessity of inventing certain me- 
thods and measures to enable them to distinguish and 
adjust the limits of their respective grounds, when 
the waters were withdrawn. And this opinion is 
not entirely to be rejected, when we consider that 
Moses is said to have acquired this art when he re- 
sided at the Egyptian court. And Achilles Tatius, 
in the beginning of his introduction to Aratus's 
Piiaenomena, informs us, that the Egyptians were 
the first who measured the heavens and the earth 
(and of course the earth first) and that their science 
in this matter was engraven on columns, and by 
that means delivered to posterity. 

It is a matter of some wonder, that though sur- 
veying appears to have been the first, or at least 
one of tlje first of the mathematical sciences, that 
the rest have met with so much greater improve- 
ments from the pens of the most eminent mathe- 
maticians, while this seems to have been neglected ; 
insomuch that I have not been able to meet with 
one author who has sufficiently explained the whole 
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art in its theoiy and practice for the rn^et ^H, it 
has been treated of in a practical manner only; and 
the few who have undertaken the theory, have in 
a great meagre omitted the practice 

These considerations induced me to attempt a 
methodical^ easy, and clear eourse of Surveyings 
how far 1 have succeeded in it, must be determined 
by the impartial reader : the steps I have taken to 
render the whole evident and familiar are as follow: 

In section the first, you have decimal fractions, 
the square root, geometrical definitions, some ne- 
cessary theorems and problems ;• with the nature 
and use of the tables of logarithm lumbers, sines, 
tangents, and secants; 

The second section contains plain trigonometry, 
right angled and oblique, with its application in 
determining the measures of inaccessible heights 
and distances. 

The third section gives an account of the chains 
and measures used in Great-Britain aifd Ireland, 
methods of surveying and taking inaccessible dis- 
tances by the chain only, with some necessary pro- 
blems ; also a particular description of the several 
instruments used in surveying, with their respective 
uses. 

The fourth section contains two methods of find- 
ing the areas of maps from their geometrical con- 
struction, more concise than any heretofore made 
public^ 

The fifth section contains a new, and much more 
concise method of determining the areas of surveys 
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from the jfield-notes, or by calculation than any 
hitherto published; and I venture to assert, that it 
is impossible (from the nature of right-lined figures) 
that *any method or methods more concise than this 
can be investigated. 

To these methods is annexed a short table of 
diflFerence of latitude and half departure, to every 
degree and quarter of a degree of the quadrant, the . 
stationary distance being one chain ; which will be 
found as ready, by a little practice, and perhaps 
more exact, than those already published. 

Truth calls upon me to acknowledge, that the 
methods by calculation, herein set forth, got their 
rise from those of the late Thomas Burgh, Esq. 
who first discovered an universal method for deter- 
mining the areas of right lined figures, and for 
which he obtained a parliamentary reward. I hope 
therefore it cannot be construed as an intention in 
me to take from his great merit, when I say, that 
the methods herein contained are much more con- 
cise and ready than his. 

Section the sixth contains the nature of ofF-sets, 
and the method of casting them up by the pen : the 
nature and application of enlarging, diminishing, 
and connecting of maps : variation of the compass 
by amplitiides and azimuths, with some of its uses : 
to which is added, a table of the sun's declination : 
how to find by what scale a map is laid down, having 
the map and area given : how to find the content of 
a ground that is surveyed by a chain that is too 
long or too short: the method'of dividing lands: 
And the whole concludes with some necessary di- 
rections and remarks on surveys in general. • 
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SURVEYING. 



SECTION I. 

Containing Decimal Fractions, the Square Roof, 
Geometrical DqfinitionSy Theorems and Pro- 
blems; with the nature and use of the Tables^ v. 
of Logarithm Numbers^ Sines, Tangents, and 
Secants. 

DEFINITION. 

SURVEYING is that art which enables ns to 
give a plan or just representation of any piece 
or parcel of land, and to determine the content 
thereof in such measure as is agreeable and cus- 
tomary to the country or place where the land is. 

This science depends on some parts of the ma- 
thematics, which must be known before we can 
treat of it, wherefore we shall begin with 

DECIMAL FRACTIONS.^ 

' If we suppose unity or any one thing to be divid* 
cd into any assigned number of equal parts, this 
number is called the denominator ; and if we chuse • 
to, take any number of such parts less than the 
whole, this is called the numerator of a fraction. 

B 



10 DECIMAL FRACTIONS. 

The numerator in the vulgar form, is always 
wrote over the denominator, and these are separa- 
ted by a small line thus -h or tV SStor the first of 
these is called 5 twelfths, and the latter 7 twelfths 
of an inch, yard, perch, STc. or of whatever the 
whole thing originally was. 

Fractions are expressed in two forms, that is, 
cither vulgarly or decimally. 

All fractions whose denominators do not consist 
of a cypher or cyphers set after unity, are called vul- 
gar ones, and their denominators are always wrote 
under their numerators. The treating of these would 
be foreign to our present purpose. But fractions^ 
whose denominators consist of an unit prefixed to 
► one or more cyphers, are^ called decimal fi*actions ; 
the numerators of which are written without their 
denominators, and are distinguished from integers 
by a point prefixed : thus ^ ^ and Hiis in the 
decimal form are expressed by .2 .42 .172 

The denominators of such fractions always con- 
sisting of an unit, prefixed to as many cyphers as 
there are places of figures in the numerators, it fol- 
lows, that any number of cyphers put after those 
numerators will neither increase nor lessen their va- 
lue : for -^ T^ and t^ are all of the same value, and 
will stand in tb*^ decimal form thus .3 .30.300; but a 
cypher or c; ^.ners prefixed to those numerators les- 
sen their value in a tenfold proportion: for rsTia and 
■ri^ which in the decimal form we denote by .3 .03 
and .003, are fractions, of which the first is ten times 
greater than the second ; and the second, ten times 
greater than the third. 

Hence it appears, that as the value and denomi- 
fidtion of any figure or number of figures in common 
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arithmetic is enlarged, and becomes ten or an hun- 
dred, or a thousand times greater, by placing one 
or two, or three cyphers after it; so in decimal 
arithmetic, the value of any figure or number of 
figures, decreases, and becomes ten, or a hundred, 
or a^ thousand times less, while the denomination 
of it increases, and becomes so many times greater, 
by prefixing one, or two, or three cyphers to it : and 
that any number of cyphers, before an integer, or 
after a decimal fractron, has no effect in changing 
their values. 

Integers. Decimals. 

127163 512367 

O lZ 10 CO CO go CO 

Addition of DECIMALS. 

Having placed those figures which are equi-dis- 
tant from the point, (as well integers as fractions) 
under each other, add them as if they were integers. 

Examples. 

Add 4.7832 3.2543 7-8251 6.03 '9.857 and 
3.251 together. Place them thus. 
4.7832 
3.2543 
7.8251 
6.03 
2.857 
3.251 



Answer 28.0006 



/ 
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Add 6.2 121.306 .!& 2.7 a&d .0007 tog«. 
tber. 121.306 

2.7 
.0007 



Answer 130.9567 



What's the sum of 6.57 1-026 .75 146.5 8.7 
*» 526. 5.97 and .0^271 ? 
Answer 693.5431 

What's the sum of 4.51 146.071 .507 .0006 
132. 62.71 .507 79 and .10712 ? 
Answer 354.3 127^. 

Subtraction of DECIMALS. 

Having placed the figures which are equi-distant 
from the point imder each other i dedact as if thejr 
were integers. 

ExAMPIi^. 

From 38.765 take 35.3741 
25.3741 



Answer 13.3909 



From 2.4 take .8472 
.8472 



1.5528 



From 71.45 take 8.4897248 

Answer 62.9662752 



DECIMAL FRACTIOISDV M 

From 84. take 8S.d4l2 
Answer 1.^88. 

Multiplication of DECIMALS. 

Place the Multiplicand and multiplier, after any 
manner under each other ; and havipg multiplied 
as in whole numbers, cut off as many places of 
decimals in the product, counting from the right 
hand towards the left, as there are in the multipli- 
cand, and multiplier • but if there be not a sufficient 
number of places in the product, the defect may be 
supplied by prefixing cyphers thereto. 

For the denominator of the product, being an 
unit, prefixed to as many cyphers, as the denomi- 
nators of the multiplier and multiplicand contain of 
cyphers, it follows, that the places of decimals in 
the product, will be as many as in the numbers 
£x>m whence it arose. 

EXAMFLBS. 

Multiply 48.76^ by .003609 
.003609 



^ 438885 
292590 
146395 



Answer .175092885 



Multiply .121 
by .14 

484 
121 



Answer .01694 



1^ DECIMAL FRACTIONS. 

Multiply 121.6 by 2.76 
2.76 



7296 
8512 
2432 



Answer 335.616 



Multiply .0089789 by 1085 ^ 

Answer 9.7421065 

Multiply .248723 by .13587 
Answer .03379399401 

Division o/ DECIMALS. 

Having divided as in whole numbers, annexing 
cyphers to the dividend if they be wanted ; the de- 
cimal places in the divisor and quotient must be 
equal to those in the dividend, and the defect sup- 
plied by prefixing cyphers to the quotient. 

For the dividend is a product, contained under 
the divisor and quotient ; and that product contains 
as many places of decimals as the numbers do from 
whence it arose : therefore the difference between 
the number of decimals in the dividend and divisor, 
must be cut off in the quotient. 

Examples. 

Divide .144 by .12 

.12)144(1.2 

34 



DECIMAL FRACTIONS. 15 

Divide 63.72413456922 by 2718 

2718)63.724134556922(.02344522979 

9364 



12101 
12293 
14214 
6245 
8096 
26609 
21472 



, 24462 

^ Answer .02344522979 

There being 1 1 decimal figures in the dividend, 
and none in the divisor, 11 figures are to be cut off 
in the quotient; but as the quotient itself consists of 
but 10 figures, we prefix to them a cypher to com- 
plete that number. 

Divide 1.728 by .012 
,012)1.728(144 

52 

48 
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Because the number of decimal figures in the 
divisor and dividend, are alike, the quotient will be 
integers. 

Divide 2.00000 by 3. 1416 

3.U16)2.00000(.636618 

115040 



207920 
194240 
57440 
260240 

8^12 

There being 4 decimal figures in the divisor, and 
10 including the cyphers brought down in the divi- 
dend, the difference, which is 6 figures, to be cut 
off in the quotient. 

Divide .87446071 by .004387. 

Answer 199-33. 
Divide .624672 bv 482. 

Answer 001296. 

Divide 66.99^548 by 27.4. 
Answer 2.44502. 

PROBLEM I. 

To reduce a Vulgar Fraction to a Decimal one of 
the same Value. 

Having annexed a sufficient number of cyphers 
as decimals, to the numerator of the vulgar fraction, 
divide by the denominator ; and the quotientthence' 
arising,, will be the decimal fraction required. 
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Examples. 

Reduce | to a Decimal Fraction. 
4)3.00(.75 Answer. 

20 



For I of one shilling, yard, perch, ffr. i« equal 
to one fourth of three shillings, yards, perches, S(c. 
therefore if 3 be divided by 4, the quotient will h% 
the answer. 

Reduce f to a decimal fraction. 

5)2.0(.4 Answer- 
Reduce H to a decimal fraction. 
25)12.00(448 Answer. 



200 



Reduce t^ to a decimal fraction. 
Answer .1146789. 

PROBLEM 11. 

To find the Value qf a Decimal Fraction^ in the 
known Parts of the Integer. 

Multiply the Decimal proposed, into the number 
of equal parts contained in the integer, and the 
product will be the number of such parts as are 
expressed by the fraction. 

What's the value of .25 of a pound sterling? 
20 



Answer shillings 5.00 
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For .25 or -rh oi one pound, is equal to the one 
hundredth part of 25 pounds, or of the shillings 
in 25 pounds, which are 500 ; therefore the one 
hundredth part thereof will be 5 shillings ; which 
Js eflFected by cutting off the two cyphers, for the 
two decimal^ by a point. 

What^s the value of .385 of a pound sterling ? 
20 



Shillings 7-700 
' 12 



Pence 8.400 
4 



Farthings 1.600 



What's the value of ,48 of a chain of 50 links ? 
50 



Answer, links 24.00 



What's the value of .2864 of a shilling? 

12 



Pence 3.4368 
4 



Farthings 1.7472 



What's the value of .287 of a pound weight troy J 

OS. dwts. fr. 

Answer 3 8 21 
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What's the value of .2945 of a pound avoirdu- 
poise ? 

Answer 4 Hi 



The Extraction of the SQUARE ROOT. 

A SQUARE number is the product of a number 
nnultiplied by itself; and the number so mul- 
tiplied, is called the root of that square ; thus 9 is 
the square of 3, and 3 is the root of 9, for 3 multipli- 
ed by 3 is 9. 

If a square number be given to find its root, ob- 
serve if the number of figures or places in the given 
square be odd or even, if they be odd, find the root 
of the first figure ; but if th^ be even, of the two 
first ; under which place the square of that root and . 
deduct, placing the root in the quotient, and bring 
down two figures to the remainder. 

Let the abuble of the said root be made a divisor 
to all the figures of that last remainder, except the 
last ; put the quotient thereof with the rooty or for- 
mer quotient ; and having multiplied it into the 
numbers so formed, deduct the product fi-om the 
foregoing figures of resolvend : and the like manner 
proceed till all the figures of the given square are 
exhausted. 

If there be any decimals in the given square^ 
their number must be even, or made so, before we 
begin to find the root, by adding a cypher to the 
right hand ; and for every two places of decimals in 
the square, let one be cut off in the root. 
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Examples. 

1. What's the square root of thtfe^square number, 
29S116? 

29,81,16(546 
25 



104)481 
416 



1086).6516 
6516 



Because the number of figures in the given 
square number is even, we fitid the nearest square 
number to the two first figures QO^ which is 25, 
the root whereof, 5, we set in the quotient, and 
deduct 25 from 29, and to the residue 4, we annex 
the following figures, 81, so we have 481 for a re- 
solvend. 

The double of the first figure in tlje quotient 
being 10^^ is then set as a divisor lo 4Sfi all the fi- 
gures in the resolvend but the last; and finding 
it to be contained 4 times, we annex the 4 to the 
divisor and quotient ; the then divisor, 104, is mul- 
tiplied by the last figure in the quotient 4, and 
the product 416 is deducted from the resolvend 
481, to the residue whereof is annexed the two fol- 
lowing figures in the square, so we have 6516 for a 
new resolvend, to all which figures but the last 
we make 168, the double of 54, the figures in the 
quotient a divisor, and finding it will be contained 
6 times, we place 6 in the divisor and quotient ; the 
then divisor 1086 is multiplied by the last figure 
in the (|aotient 6, and the product being set under 
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the resolvend and thence deducted leaves aothmg : 
so is 5AQ the root sought. 

For if the root 546 be squared or multiplied by 
546 the product will be the square number given, 

2. What is the square root of 1710864 ? 

Root 

1,71,08,64(1308 Answer. 
I 



2S).71 
69 



2608).20864 
20864 



What is the square root of 3857.3 ? 

Here being an odd decimal figure, we annex any 
odd nuoiber of cyphers to make the decimal places 
even ; and then extracting the root as before, we 
thence cut off half the number of decimals that we 
have in the square. Thus, 

Root. 

3857.300000)62.107 Answer. 
36 



122)257 
244 

1241)1330 
1241 



124207) 890000 
869449 

.20551 
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If to the square of this root we add the remain- 
ing figures 20551; we shall have our^ven square, 
whose root was required. 

What is the square root of 16007.3104 ? 
Answer 126.52. 

What is the square root of 348.17320836 ? 
Answer. 18.6594. 

What is the square root of 1234567898765432 1 ? 
Answer 11111111. 

The application of this will hereafter be shewn. 
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PLANE GEOMETRY. 



DEFINITIONS. 
Hate I. 

t 

GEOMETRY is that science wherein we con- 
sider the properties of magnitude. 

2. A point is that which has no parts^ bei^lg of 
itself indivisible, as A. / 

S. A line has length but no breadth, as AB. . 
figures 1 and 2, 

4 The extremities of a line are points, as the 
extremities of the line AB are the points A and B. 
figures 1 and 2. 

5. A right line is the shortest that can bd 4rawn 
between any two points, as the line AB. fig. 1. 
but if it be not the shortest, it is then called a curve 
line, as AB. fig. 2. 
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Plate 1. 

6. A superficies or surface is considered only an 
having lengih and breadth, without thickness, as 
ABCb. fig. 3. 

7. The extremities of a superficies are lines. 

8. The inclination of two lines meeting one 
another (provided they do not make one continued 
line) or the opening between them, is called an 
angle. Thus fig. 4. the inclination of the line AB 
to the line BC meeting each other in the point B, 
or the opening of the two lines BA and BG, is cal- 
led an angle, as ABC. 

Note, When an ang^le is expressed by three letters, 
the middle one is that at the angular point. 

\ 10. When the lines that form the angle are right 
ones, it is then called a right-lined angle, as ABC. 
fig, 4. If one of them be right andrthe other curv- 
ed it is called a mix'd angle, as B. hg. 5. If both 
of them be curved it is called a curved-lined or sphe- 
rical angle, as C. fig, 6. 

11. If a right line, CD (fig. 7) fall upon ano- 
ther right line, AB, so as to incline to neither 
side, but make the angles ABC, CDB on each 
side equal to each other, then thi>se angles are 
called right angles, and the line CP a perpendi- 
cular. 

12. An obtuse angle is that which is wider or 
greater than a right one, as the angle ADE, fig. 
7. and an acute angle is less than a right oue, as 
EDB.fig. 7. 
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Plate 1, 

13. Acute and obtuse angles in general are cal- 
led oblique angles. 

14. If a right lineCB. (fig. 8.) be fastened at the 
end C, and the other end B, be carried quite rounds 
then the space comprehended is called a circle; and 
the curve line described by the point B, is called 
the circumference or the periphery of the circle; 
the fixed point C is called its centre. 

15. The describing line CB. (fig. 8.) is called 
•the semidiameter or radius, or any line from the 
centre to the circumference : whence all radii of the 
same or of equal circles are equal. 

1 6. The diameter of a circle is a right line drami 
through the centre, and terminating on either side 
of the circumference ; and it divides the circle and 
circumference into two equal parts called semicir- 
cles ; and is double the radius, as AB or DE. fig. 8. 

18. The circumference of every circle is supposed 
to be divided into 360 equal parts called degrees, 
and each degree ipto 60 equal parts called minutes, 
and each minute into 60 equal parts called seconds, 
and these into thirds, fourths, &c. these parts being 
greater or less as the radius is. 

19. A chord is a right line drawn from one end 
of an arc or arch (that is, any part of the circum- 
ference of a circle) to the other ; and is the measure 
of the arc. Thus the right line HG, is the measure 
ofthearcHBG. fig. 8. 

20. The segment of a circle is any part there- 
ofi which is cut off by a chord : thus the space 
which is coAfiprehended between the chord HG 
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Plate 1. 

and the arc HBG, or that which is comprehended 
between the said chord HG and the arc HDAEG 
are caUed segments* Whence 'tis plain, fig. 8. 

1. That any chord will divide the circle into two 
segments. 

2. The less the chord is, the more unequal are 
the segments. 

3r When the chord is greatest it becomes a di- 
ameter, and then the segments are equal ^ aind each 
segment is a semicircle. 

^1. A sector of a circle is a part thereof less than 
a semicircle, which is contained between two ra- 
dii and an are : thus the space contained between 
the two radii CH, CB, and the arc HB is a sec- 
tor, fig. 8. 

22. The right sine of an arc, is a perpendicular 
line let fell irom one end thereof to a diameter 
drawn to the other end : thus HL is the right sine 
of the arc HB. 

The sines on the same diameter increase till 
they come to the centre, and sd become the ra- 
dius : hence it is plain that the radius CD »i the 
greatest possible sine, and theo^ie is called the 
whole sine. 

Since the whole sine CD (fig. 8.) must be per- 
pendicular to the diameter (bydef. 22.) thei*efore 
producing DC to E the two diameters AB and UE 
CTois one another at right angles, and thus tb6 
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Plate I. 

periphery is divided into four equal parts, as BD, 
DA, AE, and, EBj (by def. Jl.) and so BD be- 
comes a quadrant or the fourth part of the peri- 
phery : therefore the radius DC is alway? the pine 
of a quadrant, w of the fourth part o^ the cir- 
cle BD. 

Sines are said to be of as many degrees as the 
arc contains parts of 360 : so the radius being the 
sine of a quadrant becomes the sine of 90 degrees, 
or the fourth part of the circle, which is 360 de- 
grees, 

23. The versed sine of an ?irc is that part of tlie 
diameter that lies between the right sine and the 
circumference : thus LB is the versed $ine of the 
arc HB. fig. 8. 

24. The tangent of an arc is a right line touqbing 
the periphery, being perpendicular to the end of 
the diameter, and is terminated by a line drawn 
from the centre thro' the other end : thus BK is the 
tangent of the arc HB. fig. 8. 

25. And the line which terminates tlie tangent^ 
that is, CK is called the secant of the arc HB. 
fig. 8. 

26. What an arc wants of a quadrant is called 
the complement thereof: Thu$ DH is the comple- 
xnent of the arc HB. 

*• 

27' ^nd what an arc wants of a saitiicircle is caJl-- 
ed the supplement thereof: Thus AH is the sup- 
plementof the arc HB. fig. 8. 
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28. The sine, tangent, or secant of the comple- 
ment of any arc, is called the co-sine, ^o-tangent, 
or co-secant of the arc itself: thus FH is the sine, 
DI the tangent, and CI the secartt of the arc DH : 
or they are the co-sine, co-tangent, or co-secant of 
the arc HB. fig. 8. 

29. The sine of the supplement of an arc, is the 
same with the sine of the arc itself ; for drawing 
them according to def. 22, there results the self-same 
line ; thus HL is the sine of the arc HB, or of its 
supplement ADH. fig. 8. 

SO. The measure of a right-h'ned angle, is the 
arc of a circle swept from the angular point, and 
contained between the two lines that form the an- 
gle : thus the angle HCB (fig. 8.) is measured by 
the arc HB, and is said to contain so many de- 
grees as the arc HB does ; so if the arc HB is 60 
degrees, the angle HCB is an angle of 60 de- 
grees. 

Hence angles are greater or less according as the 
arc described about the angular point, and termi- 
nated by the two legs contain a greater or less num- 
ber of degrees of the whole circle. 

3 1 . The sine, tangent, and secant of an arc, is al- 
so the sine, tangent, and secant of an angle whose 
measure the arc is : thus because the arc HB is the 
measure of the angle HCB, and since HL is the 
sine, BK the tangent, and CK the secant, BL the 
versed sine, HF the co-sine, DI the co-tangent, 
and CI the co-secant, &c. of the arc BH ; then HL 
is called the sine, BK the tangent, CK the secant. 
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&c. of the angle HCB, whose measure is the arc 
HB. fig. 8. 

32. Parallel lines are such as are equi-distant 
from each other, as AB, CD. fig. 9. 

S3, A figure is a space bounded by a line or 
lines. If the lines be right it is called a rectilineal 
fiigure, if curved it is called a curvilineal figure ; but. 
if they be partly right and partly curved lines, it 
is called a mixt figure. 

34. The most simple rectilirieal figure is a trian- 
gle, being composed of three right lines, and is con- 
sidered in a double capacity; first, with respect 
to its sides ; and second, to its angles. 

35- In respect to its sides, it is either equilateral, 
having the three sides equal, as A. fig. 10 1 

36. Or isokjeles, haying two equal sides, ^as B* 
.fig. 11. 

. 37. Or scalene, having th« three sides unequal, 
as C. fig. 12. 

38. In respect to its angles, it is either rigjit- 
luigled, haviog one right angle, as D. fig. IS. 

39. Or obtuse angled, having one obtuse atlgle, 
as E. fig. 14. 

40. Or acute angled, having all the angtei^ acute, 
as F. fig. 15. 
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41. Acttte and obtuse angled triangles are in 
geaeral called oblique angled triangles, in all which 
any side may be called the base, and the other two 
the sides. 

42. The perpendicular height of a triangle is a 
line drawn from the vertex to the base perpendicu- 
larly : thus if the triangle ABC, be proposed, and 
BC be made its base, then if from the vertex A, 
the perpendicular AD be drawn to BQ the line 
AD will be the height of the triangle ABC, stand- 
ing on BC as its base. Fig. 1 6. 

Hence all triangles between the same parallels 
have the same height, since all the perpendiculars 
are equal from the nature of parallels. 

43. Any figure of four sides is called a quadri- 
lateral figure. 

44. Quadrilateral figures whose opposite sides 
are parallel, ar^ j^aUed parallelograms : thus, 
ABCD is a parallelogram. Fig. S. J7. and AB 
fig. 18 and 19. 

45. A parallelogram whose sides are all equal 
and angles right, is called a square, as ABCD. 
%• 17. 

46. A paraHelogram whose opposite sides are 
equal and angles right, is called a rectangle or an 
oblong, as ABCD. fig. 3. 

47. A rhombus is a parallelogram of equal sides, 
and hsLs its angles oblique, as A. fig. 18. and is an 
inclined ik|uare. •'* 
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48. A rhomboides is a parallelogram whose op- 
posite sides are equal and angles oblique ; as B. 
fig. 19. and may be conceived as an inclined rect- 
angle. 

49. A quadrilateral figure that is not a paral- 
lelogram^ is called a trapezium. Plate 7. fig. 3. 

50. Figures which consists of more than four 
sides are called polygons ; H the sides are all equal 
to each other, they are called regular polygons. 
They sometinies are named fi-om the number of 
their sides, as a five-sided figure is called a penta- 
gon, one of^ six sides a hexagon, &c. but if their 
sides are not equal to each other, then they are 
called irregular polygons, as an irregular pentagon^ 
hexagon, &c. 

51. Four quantities are said to be in proportion 
when the product of the extremes is equal to that of 
the means, thus if A multiplied by D, he equal 
to B multiplied by C, then A is said to be to B as 
C 13 to D. , 

POSTULATES OR PETITIONS. 

1. That a right line may be drawn from any one 
given point to another. 

2. That a right line may be produced or con- 
tinued ^ pleasure. 

3. That from any centre and with any radius, the 
circumference of a circle may be described. 

4. It is also required that the equality of lines and 
angles to others given^ be granted as possible \ that 
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it is possible for one right line to be perpendi- 
cular to another, at a given point or distance : 
and that every magnitude has its half, third, fourth, 
&c* part. 

Note, Though these postulates are not always 
quoted, the reader will easily perceive where, and 
in what sense they are to be understood. 

AXIOMS, OR SELF-EVIDENT TRUTHS. 

1. Things that are equal to one and the same 
thing, are equal to each other. 

2. Every whole is greater than its part. 

■ • 
S. Every whole is equal to all its parts taken 
together. 

4 If to equal things, equal things be added, the 
whole will be equal. 

5. If from equal things, equal things be deducted 
the remainders will be equal. 

^. If to or from unequal things equal things be 
added or taken, the sums or remainders will be 
unequal. 

7. All right angles are equal to one another. 

8. If two right lines not parallel, be produced to- 
wards their nearest distance, they will intersect 
each other. 

• 

9. Things which mutually agree with each other, 
are equal. 
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NOTES. 

A theorem is a proposition, wherein something 
is proposed to be demonsjtrated. 

A problem is a proposition, yirherein something 
is to be done or effected. 

A lemma is some demonstration, previous and 
necessary, to render what follows the more easy. 

A corollary is a consequent truth, deduced from 
a foregoing demonstration. 

A scholium, is a remark or observation made up- 
on something going before. 

THE SIGNIFICATION OF SIGNS. 

The sign », denotes the quantities between which 
it stands to be equal. 

The sign 4., denotes the quantity it precedes to 
be added. 

The sign — , denotes the quantity which it pre- 
cedes to besubtracted. 

The sign x, denotes the quantities between them 
to be multiplied into each other. 

To denote that four quantities. A, B, C, D, 
are proportional, they are usually written thus> 
A : B : : C : D ; andread thus, as A is to B, sq is G 
to D ; but when three quantities A, B, C, are pro- 
portional, the middle quantity is repeated, and 
they are written A : B :: B : C. 

E 
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If a right line falls on another^ as AB, or 
EB does on CD, (fig. 20. J it either makes with it 
two right angles^ or two angles equal to two right 
angles. 

1. If AB be perpendicular to CD then (byde£ 
11.) the angles CBA, and ABD, will be each a 
right angle. 

ST. But if EB fall slantwise on CD, then are the 
angles DBE + EBC = DBE + EBA (= DBA + 
ABC, or two right angles. Q. E. D. 

Corollary 1. Whence if any numbers of right 
lines were drawn from one point, on the same side 
of a right line ; all the angles made by these lineg 
will be equal to two right lines. 

2. And all the angles which can be made about 
a point> will be equal to four right angles* 



^ -H 
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THEOREM II. 
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If one right line cross another, fas AC does 
BDj the opposite angles made by those lines, zoill 
he equal to each other ; that is AEB to CED and 
BECtoAED./ig.n. 

By theorem 1. BEC + CED = 2 right angles, 
and CED + DEA s= 2 right angles. 

Therefore ( by axiom 1.) BEC + CED = CED 
+ DEA : take CED from both, and there remains 
BEC= DEA. (by axiom 5.) Q. E, D. 

After the same manner CED + AED = 2 right 
angles} and AED + AEB = two right angles; 
wberefore taking AED from both, there remains 
CED = AEB. Q. E. D. 

THEOREM III. ' 

1 • 

If a right line cross two parallels^ as GH does 
AB and CI) (Jig. 22.; then, 

1. Their external angles are equal to each 
other, that is GEB = CFH. 

2. The alternate angles will be equal, that is 
AEF= EFD andBEF = CFE. 



3. The external angle will be equal to the inter- 
ftaland opposite one on the same side, that is GEB 
^EFD and AEG=CFE. 
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4. And the sum of the internal angles on the 
same side, are equal to two right a?igles ; that is 
BEF+DFE are equal to two right angles, and 
AEF + CFE are equal to two right angles. 

1. Since AB is parallel to CD, they mliy be con- 
sidered as one broad line, crossed by another line, 
as GH / (then by the last theo.) GEB=CFH, and 
AEG=HFD. 

2. Also GEB=AEF, and CFH = EFD; but 
GEB=CFH (by part L. of this theo.) therefore 
AEF=EFD. The same way we prove FEB« 
EFC, 

3. AEF=EFD; (by the last part of this theo.) 
but AEF = GEB (by thep. 2.) Therefore GEE =* 
EFD. The same way we prove AEG = CFE. 

4. For since GEB=EFD, to both add FEB, 
then (by axiojn 4.) GEB + FEB=EFD + FEB, 
but GEB+FEB, are equal to two right angles 
(by theo 1.) Therefore EFD + FEB are equal to 
two right angles : after the same manner we prove 
that AEF + CFE are equal to two right angles. 
Q. E, D. 
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In any triangle ABC, one of its legs, as SCy 
being produced tozvards i>, it will make the exter- 
nal angle ACD equal to the two internal opposite 
angles taken together. Viz. to B and A,fg. 23 . 
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Thro' Q let CE be drawn parallel to AB ; then 
»nce BD cuts the two parallel lines BA, CE ; the 
angle ECD = B, (by part 3, of the last theo.) and 
again, since AC cuts the same parallels, the angle 
ACE = A (by part 2. of the last.) Therefore 
ECD + ACE«ACD = B + A. Q. E. D. 
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In any triangle ABC, all the three angles taken 
together are equal to tzvo right angles, viz. A + JB+ 
ACB =« 2 right angles. Fig. 23. 

Produce CB to any distance, as D, then (by the 
last) ACD=B+A ; to both add ACB, then ACD 
+ACB=A+B+ACB5 but ACD+ACB=2 right 
angles; (by theo. 1.) therefore, the three angles 
A+B+ACB=2 right angles, Q. E. D. 

Cor. 1. Hence, if one angle of a triangle be 
known, the sum of the other two is also known : 
for sitice the three angles of every triangle contain 
two right ones, or 180 degrees, therefore 180 — the 
given angle will be equal to the su^i of the other 
two; or 180 — ^the sum of two given angl^, giveiSi 
the other one. 

Cor. 2. In every right-angled triangle, the two 
acute angles are = 90 degrees, or to one right an* 
gle: therefore 90 — one acute angle, gives the 
other. 
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THEOREM VI. 



If in any two triangles^ ABC ^ DEF^ there be twa 
sides y A By AC in the one, severally equal to DE, 
DF in the other y and the angle A contained between 
the two sides in the one^ equal to D in the other ; 
then the remaining angles of the one, will be se- 
verally equal to those of the other, viz. B=E and 
0=^F ; and the bas^of the one BC, will be equal 
to EFy that of the other. Fig. 24. 

If the triangle ABC be supposed to be laid on 
the triangle DEF> so as to make the points A and 
B coincide with D and E, w-hich they will do, be- 
cause AB=DE; (by the hypothesis) and since 
the angle A=D, theline AC will fall along DF, 
and inasmuch as they are supposed equal, C will 
fall in F ; seeing therefore the three points of one 
coincide with those of the other triangle, they are 
manifestly equal to each other ; therefore the angle 
B=E and C=F, and BC =EF. Q. E. D. 

LEMMA. 

If tzvo sides of a triangle a b c be equal to each 
other that is ac—cb the angles zvhich are opposite 
to those equal sides, will also be equal to each 
fither; viz. a^b. fig. 11. 

For let the triangle a b c be divided into two tri- 
angles a c d, d c b, by making the angle a c d= 
deb (by postulate 4.) then because a 0= be, and 
cd common, (by the last) the triangle adcsd c b ; 
and therefore the angle a=b. Q, E. D. 
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Cor. Hence if from any point in a perpendi- 
cular which bisects a given line, there be drawn 
right lines to the extremities of the given one, they 
with it will form an isosceles triangle. 
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The angle BCD at the centre of a circle ABEPp 
is double the angle BAD at the circumference^ 
standing upon the same arc BED. Jig. 25. 

Through the point A, and the centre C, draw the 
line ACE: then the angle ECD=CAD+CDA; 
(by theo. 4.) but since AC=CD being radii of the 
same circle, it is plain (by the preceding lemma) 
that the angles subtended by them will be also 
equal, and that their sum is double to either of 
them, that is, DAC+ADC k double to CAD, 
and therefore ECD is double to CAD ; after the 
same manner BCE, is double to CAB, wherefore,. 
BCE+ECD, or BCD is double to BAC+CAD or 
to BAD. a E. D. 

Cor. 1. Hende an angle at the circumference is 
measured by half the arc it subtends or stands on. 

Cor. 2. Hence all angles at the circumference of 
a circle which stands on the same chord as AB, are 
equal to each other, for they are all measured by 
half the arc they stand on. viz, bv half the arc 
AB. fig. 26. . 
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Cor. 3. Hence an angle in a segment greater 
than a semicircle is less than a right angle ^ thus 
ADB is measured by half the arc AB, but as the 
arc AB is less than a semicircle, therefore half the 
arc AB, or the angle ADB is less than half a se- 
micircle, and consequently less than a right angle, 
fig. 26. 

Cor. 4. An angle in a segment less than a semi- 
circle, is greater than a right angle, for since the 
arc AEC is greater than a semicircle, its half, which 
is the measure of the angle ABC, naust be greater 
than half a semicircle, that is greater tha« a right 
angle. Fig. 27- . ♦ 

Cor. 5. An aaigle in a semicircle is a right an- 
gle, for the measure of the angle ABD, is half of 
a semicircle AED, and therefore a right angle. 
Fig. 28. 

THEOREM VIII. 

If from the centre C of a circle ABE^ there be 
let fall the perpendicular CD on the chord ABy it 
will bisect it in the point D. fig. 29- 

Let the lines AC and AB be drawn from the 
centre to the extremities of the chord, then since 
CA=CB, the angles CAB=CBA (by the lem- 
ma.) But the triangles ADC, BDC are right an- 
gled ones, since the line CD is a perpendicular ^ 
and so the angle ACD=DCB ; (by cor. 2. theo. 
5.) then have we AC, CD, and the angle ACD in 
one triangle ; severally equal to CB, CD, and the 
angle BCD in the other : therefore by theo. 6.) 
A=DB. Q. E. D. 
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Cor. Hence it folio w«^ that any line bisecting a 
chord at right angles, is a diameter ; for a line 
drawn from the centre perpendicular to a chords 
bisects that chord at right angles ; therefore, con- 
versely, a line bisecting a chord at right angles 
must pass through the centre, and consequently be 
a diameter. 
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If from the centre of a circle ABK there be 
drawn a petpendicular CD on the chord AB, and 
produted till it meets the circle in F, that line CF, 
will bisect the arcAB in the point F,fg. 29* 

Let the lines AF and BF be drawn, then in the 
triangles ADF, BDF ; AD = BD (by the last;) 
DF is common, and the angle ADF = BDF being 
both right, for CD or DF is a perpendicular. 
Therefore (by theo. 6.) AF = FB ; but in the 
same circle, equal lines are^ chords of equal arcs, 
since they measure them : (by def. 19.) whence 
the arc AF = FB, and so AFB is bis^ted in F, hv 
the line CF. 

Con Hence the sine of an arc is half the chord 
of twice that arc. For AD is the sine of the arc 
AF, (by def. 22.) AF is half the arc, and AD 
half the chord AB (by theo. 8.) therefore the cor. 
is plain. 

F 
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In any triangle ABD, the half of each side is- 
the sine of the opposite angle. Fig, 30. 

Let the circle ADB be drawn thro' the points 
A, B, D ; then the angle DAB is measured by 
half the arc BKD, (by cor. L theo. 7.) viz. the 
chord of BK is the measure of the angle BAD ; 
therefore (by cor. to the last) BE the half of BD 
is the sine of BAD ; the same way may be proved 
that half of AD is the sine of ABD, and the half 
of AB the sine of ADB. Q. E. D. 

THEOREM XL 

If a risht line GH cut tzvo othtr right lines 
AB, CD, so as to make the alternate angles A EF; 
EFD equal to each other, then the lines AB and 
CD zvill be parallel Fig. ^2. 

Kit be* denied that AB is parallel to CD, let 
IK be parallel to it'; then IEF=(EFD)«AEF (by 
part 2. theo, 3.) a greater to a less, which is ab- 
surd, whence IK is not parallel ; and the like we 
can prove of all other lines but AB> therefore AB 
is parallel to CD. Q. E. D. 

THEOREM XIL 

jf two equal and parallel lines AB, CD, de 
joined by two other lines AD, BC, those shall ' be 
also equal and parallel. Fig. 3. 



^. 
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Let the diameter or diagonal BD be drawn, and 
we will have the two triangles ABD, CBD ; where- 
of AB in one is=to CD in the other, BD common 
to both, and the angle ABD=CDB ; (by part 2. 
theo. 3.) therefore (by theo. 6.) AD==CB, and the 
angle CBD=ADB, and thence the lines AD and 
BC are parallel, by the preceding theorem. 

Cor. 1. Hence the quadrilateral figure ABCD 
is a parallelogram, and the diagonal BD bisects 
the same, inasmuch as the triangle ABD=BCD, 
as now proved. 

Cor. 2. Hence also the triangle ABD on the 
same base. AB, and between the same parallels with 
the parallelogram ABCD, is half the paraljelogram. 

Cor. 3. It is hence also plain, that the opposite 
sides of a parallelogram are equal ; for it has been 
proved that ABCD being a parallelogram, AB will 
be=CDajidAD = BC, 

THEOREM XIIL, 

All parallelograms on the same or equal bases 
and between the, same parallels, are equal to one ^ 
another, that is, if BD=GHj and ifit^ lines BH 
and AF parallel, then the parallelogram ABDC 
=BDFE=EFHG: Jig. 31. 

For AC=BD=EF (by cor. the last ;) to both 
add CE then AE==CF. In the triangles ABE, 
CDF; AB«CD and AE=CF and the angle 
BAE=DCF; (by part 3. theo. 3.) therefore the 
triangle ABE=CDF ; (by theo. 6.) kt the tri- 
angle CKE be taken from both, and we will have 
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the trapezium ABKC=KDFE ; to each of these 
add the triangle BKD, then the parallelogram 
ABCD==BDEF; in hke manner we may prove 
the parallelogram EFGH = BDEF. Wherefore 
ABDC=BDEF=EFGH. Q. E. D. 

Cor. Hence it is plain that triangles on the same 
or equal bases, and between the same parallels^ 
are equal, seeing (by cor 2. theo. 12.) they are the 
halves of their respective parallelogram. 
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In every righf-angled triangle^ JBCy the square 
of the hypothemise or longest side, BC, or BCMH, 
is equal to the sum of the squares made on the 
other two sides AB and AC, that is, ABDE and 
ACGF (Jig.3^.) 

Thi*ough A draw AKL perpendicular t<5 the 
hypothenuse BC, join AH, AM, DC, and 
BG; in the triangles BDC, ABH, BD = BA, 
being sides of the same square, and also BC 
= BH, and the included angles DBC=ABH, 
(for DBA = CBH being both right,^ to both add 
ABC, then DBC=ABH) therefore the triangle 
DBC=ABM (by theo. 6.) but the triangle DBC 
is half of the square ABDE by cor. 2. theo. 12.) 
and the triangle ABH is half. the parallelogram 
BKLH. The same way it may be proved, that 
the square ACGF, is equal to the parallelogram 
KCLM. So ABDE + ACGF the sum of th^ 
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squares = BELH + KCML, the sum of the two 
pars^^Ielograms or square BCMH; therefore the 
sum of the squares on AB and AC is equal to the 
square on BC. Q. E. D. 

Cor. Hence the hypothenuse of a right-angled 
triangle may be found by having the legs ; thus, 
the square root of the sum of the squares of the 
base and perpendicular, will be the hypothenuse. 

Cor. Having the hypothenuse and one leg 
given to find the other ; the square root of the 
difference of the squares of the hypothenuse and 
given leg, will be the required leg. 

THEOREM XV. 



In all circles the chord of 60 degrees is always 
equal in length to the radius. 

Thus in the circle AEBD, if the arc AEB be an 
arc of 60 degree^^ and the chord AB be drawn ; 
thenAB=CB^AC. f Fig. 23. J 

In the triangle ABC, the angle ACBis 60 de^ 
grees, being measured by the arc AEB ; therefore 
the sum of the other two angles is 120 degrees 
(by cor. 1. theo. 5.) but since AO=CB, the an- 
gle CAB*=CBA (by lemma preceding theo. 7-) 
consequently each of them will be 60, the half of 
120 degrees, and the three angles will be equal to 
one another, as well as the three sides : wherefore 
AB=:BC5;»AC. aE.D. 
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Cor. Hence the radius, from whence the lines 
on any scale are formed, is the chord of 60 degrees 
on the line of chords. 

THEOREM XVI. 

If in two triangles ABCy abc, all the angles of 
one be each respectively equal to all the angles of 
the other J thotis^ A^^a, B^b^ C'^'C : thjsn the legs 
opposite to the equal angles will be proportional, 
viz. 

AB : ab : : AC: ac Fig. 34. 

AB: ab: : BC : be 
and AC : ac : : BC : be 

For the triangles being inscribed in two circles, 
it is plain since the angle A=3Ea, the arc BDC=?== 
b d c, and consequently the chord BC is to b c, as 
the radius of the circle ABC is to the radius of 
the circle a be; (for the greater the radius is, the 
greater is the circle described by that radius 3 and 
consequently the greater any particular arc of that 
circle is, so the chord, sine, tangent, SCc. of that arc 
will be also greater. Therefore, in generatl, the 
chord, sine, tangent, 8Cc. of any arc is proportional 
to the radius of the circle ;) the same way the chord 
, AB is to the chord a b, in the same proportion. So 
AB : a b : : BC : be ; the same way the rest may be 
proved to be proportional. 

THEOREM XVIL 

If from a point A without a circle DBCE there 
be drawn two lines ADEy ABC, each of them cut-- 
ting the circle in two points ; the product of 4)ne 
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whole line into its external part, viz. AC into AS, 
will^be- equal to that of the other line into its exter- 
nal part, viz. AE into AD. Jig^ 35. 

Let the lines DC, BE^ be drawn in the two tri- 
angles ABE, ADC; the angle AEB^ACD (by 
cor. 2. theo. 7.) the angle A is common, and (by 
cor. 1. theo. 5.) the angle ADC=ABE; therefore 
the triangles ABE, ADC, are mutually equiangu- 
lar, and consequently (by the last) AC: AE: : AD : 
AB ; wherefore AC multiplied by AB will be equal 
to AE multiplied by AD. Q. E. D. 

THEOREM XVIII. 

Plate II. fig.L 

Triangles ABC, BCD, and parallelograms 
ABCF and BDEC, having the same altitude, have 
the same proportion between themselves as their 
bases BA and BD. 

Let any aliquot part of AB be taken, which will 
also measure BD : suppose that to be Ag, which 
will be contained twice in AB, and three times 
in BD,.the parts Ag, gB, Bh, hi, and iD being 
all equal, and let the lines gC, hC, and iC, be 
drawn : then; (by cor. to theo. 13.) all the small tri- 
angles AgC, gCB, BCh, &c. will be equal to 
each other : and will be as many as the parts into 
which their bases were divided ; therefore it will be 
as the sum of the parts in one base, is to the sum 
of those in the other, so will be the sum of the 
small triangles in the first, to the sum of the small 
trianjD^fes in the second triangle ; that is AB : BD 
: : ABC : BDC. 
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Whence also the pltrallelograms ABCF and 
BDEQ being (by cor. 2. theo. 12.) the doubles of 
the triangles, are likewise as their bases. Q. E. D. 

Note. Wherever there are several quantities con- 
nected with the sign : : the conclusion is always 
drawn from the first two and last two proportion- 
als. 

THEOREM XIX. 

Triangles JBC, DEF, standing upon equal ba- 
ses AB and DE, are to each other as their alti- 
tudes CG and FH. Jig. 2. 

Let BI be perpendicular to AB and equal to 
CG, in which let KB=FH, and let AI and AK 
be drawn. 

The triangle AIB=ACB (by cor. to theo. 13.) 
and AKB=DEF; but (by theo. 18.) BI: BK: : 
ABI : ABK. That is, CG : FH : : ABC : DEF. 
Q. E. D. 

THEOREM XX. 

If a right line BE be drawn parallel to one side 
of a triangle AC D, it will cut the two other sides 
proportionally, viz. AB : BC : : AE : ED. Jig. 3. 

Draw CE and BD ; the triangles BEC and EBD 
being on the same base BE and under the same pa- 
rallel CD, will be equal (by cor. to theo. 13.) there- 
fore (by theo. 18.) AB:BC:: (BEA:BEC or 
BEA : BED) : : AE : ED. Q. E. D. 
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Cor. I. Hence also AC : AB : : AD ? AE i 
For AC: AB :: (AEC: AEB: : ABD : AEB) : : 
AD:AE. 

Cor. 2. It also appears that a right line, which 
divides two sides of a triangle proportionally, must 
be parallel to the remaining side. 

Cor. 3. Hence also theo. 16. is manifest ; since 
the sides of the triangles ABE, ACD, being equi- 
angular, are proportional. 
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JJ^ two triangles ABC, ADE, have angle BAG 
in o?ie, equal to one angle DAE, in the other, and 
the sides about the equal angles, proportional, that 
is, AB : AD : : AC : AE, then the triangles will 
b€ mutually equiangular. Fig: 4. 

In AB take Ad=AD, and let d e be parallel to 
BC, meeting AC in e. 

Because (by the first cor. to the foregoing theo.) 
Ab : Ad : : (AD) AC : Ae, and (by the hypothesis, 
or what is given in the theorem ( AB : AD : : AC : 
AE ; therefore Ae=AE seeing AC bears the same 
proportion to each ; and (by theo. 6.) the trian- 
gles Adc = ADE, therefore the angle Ade = D 
and Aed = E, but since ed and BC are parallel 
(by part 3. theo. 3.) Ade = B, and Aed == C^ 
therefore B= D and C = E. Q. E. D. 
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THEOREM XXIL 

Equiangular triangles ABC9 DEF, are to one 
another in. a duplicate proportion of their homolo- 
gous or like sides ; or as the squares AKj and 
DM of their homologous sides. Fig. 5. 

Let the perpendiculars CG and FH be drawn 
as well as the diagonals BI and EL. 

The perpendiculars make the trmngles ACG 
and DFH equiangular, and therefore similar (by 
theo. 16.) for because the angle CAG=FDH and 
the right angle AGC=DHFi the remaining angle 
ACG=DFH, (by cor. 2. theo. 5.) 

Therefore GC : FH : : (AC : DF : :) AB : DE, 
or which is the same thing, GC : AB : : FH : DE, 
for FH multiplied by AB=AB multiplied by FH. 

By theo. 19- ABC : ABI : : (CG : AI or AB 
as before : : FH, DE, or DL : : ) DFE : DLE, 
therefore ABC : ABI : : DFE : DLE or ABC : 
AK : : DFE : DM^. for AK is double the trian- 
gle ABI, and DM double the triangle DEF, by 
cor. 2. theo. 12. Q. E. D. 

THEOREM XXIII. 

Like polygons ABCDE, a b c d e^ are in a du^ 
plicate proportion to that of sides AB, a 6, which 
are between the equal angles A and B, and a and 
b, or as the squares of the sides AB, ab. Fig. 6. 

Draw AD, AC, ad, ac. 
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By the hypothesis AB : ab : : BC : be, and there- 
by also the angle Bsfb; therefore (by theo. 21.) 
BACs-b a c ; and ACB=a c b : in like manner 
£ADs=e a d, and EDAssse d a. If therefore from 
the equal angles A, and a, we take the equal ones 
EAD + BAC=ead, + bac the remaining angle 
DACssdac, and if from the equal apgles D and d, 
EDAs-e d a be taken, we shall have ADCL-a d c : 
and in like manner if from C and c be taken 
BCA—b c a, we shall have ACDsa c d ; and so the 
respective angles in every triangl^,will be equal to 
those in the other* 



By theo. 22. ABC : abe : : the square of AC to 
the square of ac, and also ADC : ado : : the square 
of AC, to the square of ac; therefore from equa- 
lity of proportions ABC : a b c : : ADC : a d c, in 
like manner we may shew that ADC : a d c : : EAD: 
e a d : Therefore it will be as one antecedent is 
to one consequent, so are all the antecedents to 
all the consequents. That is, ABC : a b c as the 
sum of the three triangles in the first polygon, is to 
the sum of those in the last. Or ABC will be to 
a be, as polygon to polygon. 



The proportion of ABC to a b c (by the forego- 
ing theo.) is. as the square of AB is to the square 
of a b, but the proportion d( polygon to polygon j is 
as ABC to a b c» as now shown ; therefore the pro- 
portion of polygon to polygon is as the square of 
AB to the square of ab. 
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THEOREM XXIV. 



Let DHB be a quadrant of a circle described 
by the radius CB j HB an drc of it, and DH its 
complement ; HL or FC the sine, FH or CL its 
co'sincy BK its tangent, DI its co-tangent s CK its 
secant, and CI its co-secant. Fig. 8. 

1. The co-sine of an arc is to the sine, as radius 
is to the tangent. 

2. Radius is to the tangent of an arc, as the co- 
sine of it is to the sine. 

3. The sine of an arc is to its cp-sine, as radius to 
its co-tangent. 

4. Or radius is to the co-tangent of an arc, as 
its sine to its co-sine. 

5. The co-taiigent of an arc is to radius, as ra- 
dius ito the tangent. 

6. The co-sine of an arc is to radius, as radius is 
to the secaiit. 

7. The sine of an arc is to radius, as the tangent 
is to thie secant. 

The triangles CLH and CBK,. being similar, 
(by theo. 16.) 

1. CL:LH::CB:BK. 

2. Or,eB:BK::CL:LH. 
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The triangles CFH and CDI, being similar. 

S. CF (or LH) : FH : : CD : DI. 

4. CD:DI::CF{prLH):FH. 

The triangles CDI and CBK are similar: for 
the angle CIB = KCB; being alternate ones (by 
part. 2. theo. 3.) the lines CB and DI being pa- 
rallel : the angle CDI = CBK being both right, 
and consequently the angle DCI = CKB, whei^g- 
fore, 

5. DI : CD : : CB : BK. 

And again, making use of the similar triangles 
CLHandCBK. 

6. CL : CB : : CH : CK. 

7. HL:CH::BK:CK. 
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PROBLEM I. 
Plate II. 

TO make a triangle of three given right lines 
BO, LB, LO, of which any two must be 
greater than the third. Jig. 7. - 

Lay BL from B to L ; from B with the line BO, 
describe an arc, and from L with LO describe ano- 
ther arc ; from O, the intersection point of those 
arcs, draw BO and OL, and BOL is the triangle 
required. 

This is manifest from the construction. 

PROBLEM IL 

At a point B in a given right line BC, to make 
an angle equal to a given angle A, ^g. 8. 

Draw any right line ED to form a triangle, as 
EAD, take BF = AD, and upon BF make the tri- 
angle BFG, whose side BG«AE, and GF = ED 
(by the last) then also the angle B = A ; if we 
suppose one triangle be laid on the other, the sides 
will mutually agree with each other, and therefore 
be equal; for if we consider these two triangles are 
made of the same given three lines, they are ma- 
nifestly one and the same triangle. 

Otherwise. 
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Upon the centres A and B, at any distance, let 
two arcs, DE, FG, be described ; make the arc 
FG=DE, and through B and G draw the line BG 
and it is done. 

For since the chords ED, GF are equal, the 
angles A and B are also equal, as belbre (by 
def. 19.) 

PROBLEM IIL 

To bisect or divide into two equal parts, any 
given right lined angle j BAC. Jig. 9. 

In the lines AB and AC, from the point A set 
off equal distances AE= AD, then, with any dis- 
tance more than the half of DE, describe two arcs 
to cut each other in some point F ; and the right- 
line AF, joining the points A and F, will bisect 
in the given angle BAC. 

For if DE and FE be drawn, the triangles ADF, 
AEF, are equilateral to each other, viz. AD=AE, 
DF=FE, and AF common, wherefore DAF*« 
EAF, as before. 

PROBLEM IV. 

To bisect a right line. AB. Jig. 10. 

With any distance, more than half the line, from 
A and B, describe two circles GFD, CGD, cut- 
ting each other in the points G andD ; draw GD 
intersecting AB in E, then AEr=EB. 
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For, if AC, AD, BC, BD,bedrawii, the trian- 
gles ACD, BCD, wiH be mutually equilateral, and 
consequently the angle ACE=BCE: therefore the 
triangle ACE, BCE, having AC=BC, CE corti- 
mon, and the ^ngle ACE>=BCE: (by theo, 6.) 
the base AE=sthe base BE. 

Cor. Hence it js manifest, that CD not only bi- 
sects AB, but is perpendicular to it. (by def. 11.) 

PROBLEM V: 

On a given point A^ in a right line, EF, to erect 
a perpendicular, ^g. 11. 

From the point A lay off on each side, the equal 
distances, AC, AD ; and from C and D, as centres, 
with any interval greater than AC or AD, describe 
two arcs intersecting each other in B; from A to 
B draw the line AB, and it will be the perpendicu- 
lar required. 

For, let CB, and BD be drawn 5 then the tKan- 
,gles CAB, DAB, will be mutually equilateral and 
equiangular, so CAB=DAB, a right angle, (by 
def. 11.) 

PROBLEM VL 

To raise a perpendicular on the end B of a 
right line AB. Fig. 12. 

From any point D not in the line AB, with the' 
distance from D to B, let a circle be described cut- 
ting ABin E; draw from E through D the right 
line EDC, cutting the periphery in C, and join CB; 
and that is the perpendicular required. 
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EBC being a. semicircle, the angle EBC will be 
a right angle (by cor. 5. theo. 7.) 

PROBLEM VII. 

From a given point A, to let fall a perpendicu- 
lar upon a given right line BC. Jig. 13 ^ 

From any point D, in tHe given line, take the 
distance to the given point A^ and with it describe 
a circle AGE, make GE =- AG ; join the points 
A and E, by the line AFE, and AF will be the 
perpendicular required. 

Let DA, DE, be drawn ; the angles ADF=FDE, 
DA=DE, being radii of the same circle, and DF 
common ; therefore (by theo. 6.) the angle DFA 
jasDFE, and FA a perpendicular. (By def. 11.) 

>l^ROBLEM VIII. 

Through a given point A^ to draw a right line 
ABy parallel to a given right line CDy Jig. 14. 

i 

From the point A, to any point, F, in the line 
CD, draw the line AF ^ with the interval FA, and 
one foot in F, describe the arc AE, and with the 
like interval and one foot in A, describe the arc 
BF, making BFs= AE ; through A and B draw the 
line AB, and it will be parallel to CD. 

By prob. 2. The angle BAF«AFE, »nd by 
Uieo. 1 1. BA and CD are parallel. 
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PROBLEM IX^ 

Upon a given line AB to describe a square 
ABCB. Plate I. Jig. 17. 

* Make BC perpendicular and equal to AB ; and 
from A and C, with the line AB, or BC, let two 
arcs be described, cutting each other in D ; from 
whence to A and C, let the lines AD, DC be 
drawn ; so is ABCD the square required. 

For all the sides are equal by construction ; there- 
fore the triangles ADC and BAC, are mutually 
equilateral and equiangular, and ABCD is an equi- 
lateral paralellogram, whose angles are right. For 
B being right, D is also right, and DAC, DCA, 
BAC, ACB, each half a right angle (by lemma pre- 
ceding theo. 7. and cor. 2. theo. 5.) whence DAB 
and BCD will each be a right angle, and (by def. 
44.) ABCD is a square. 

SCHOLIUM. 

By the same method a rectangle or oblong, may 
be described, the sides thereof being given. 

PROBLEM X. 

To divide a given right line A By into any pro- 
posed number of equal parts. Jig. 15. 

Draw the infinite right line AP, making any 
angle with AB, also draw BQ parallel to AP, in 
each of which, let there be taken as many equal 
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parts AM, MN, &c. Bo, on, fcc. as you would 
have AB divided into ; then draw Mm Nn, &c. 
intersecting AB in £, F, &c. and it is done. 

For MN and mn being equal and parallel, FN 
will be parallel to EN ; and in the same manner, 
GO to FN (by theo. 12) therefore AM, MN, NO, 
being all equal by construction, it is plain (from 
theo. 20) that AE, EF, FG, &c. will likewise be 
«quaL 



PROBLEM XL 



To find a third proportional to two giocn right 
lines y A and B. Fig. 16. 

Draw two infinite blank lines CE, CD, anywise 
to make any angle. Lay the line A, from C to 
F ; and the line B, from C, to G ; and draw the line 
FG ; lay again the line A, from C to H ; and thro' 
H, draw HI parallel to FG (by prob. 8.) so is CI 
the third proportional required. 

For by Cor. 1 . theo. 20. CG : CH : : CF : CI. 
Or, B : A : : A : CI. 



PROBLEM XII. 



Three right lines A, B, C, given to find a fourth 
proportional. Fig. 17. 
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Haying made an angle DEF anywise, by two 
infinite blank right lines^ ED, EF, as before ; lay 
the line A, from E to G ; the line B, from E to I } 
and draw the line IG ; lay the line C, from E to 
H, and (by prob. 8.) draw HK parallel thereto, so 
will EK be the fourth proportional required. 

For, by cor. 1. theo. 20. EG : EI : : EH : EK. 
Or, A : B : : C : EK. 

PROBLEM XIII. 
Plate IIL 

Tzvo right lines, A and B, given to find a mean 
proportionaL (Fig. I. J 

Draw an infinite blank line, as AF, on which 
lay the line A, from A to B, and the line B, fi^pm 
B to C, on the point B, which is the joining of the 
lines A and B; erect a perpendicular BD (by prob. 
5.) bisect AC in E (by prob. 4.) and describe the 
semicircle ADC ; and from tlie point D, where its 
periphery cuts the perpendicular BD, draw the 
line BD, and that will be the mean proportional 
required. ^ 

For if the lines AD, DC, be drawn, the angle 
ADC is a right angle (by cor. 5. theo. 7.) being 
an angle in a semicircle. 

The angles ABD, DBC, are right ones (by def. 
11.) the line BD being a perpendicular; wherefore 
the triangles ABD, DBC, are similar, thus the an* 
gle ABD5=DBC, being both right, the angle DAC 
is the complement of BDA to a right angle (by 
cor. 2. theo. 5.) and is therefore equal to BDC, 
the angle ADC being a right angle as before ; con- 



\ 
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seq^ntly (bf cor. 1. theo. 5.) the angle' ADfisa 
DCB, wberetbie (by theo. 16.) 

AB : BD : : BD : BC. 
Or, A:BD::BD: B. 

PROBLEM XIV. 

To divide a right Une JS, in th^ point E, so 
that AE shall have the same proportion to EB^ ai 
two given lines C and D have. Fig. 2. 

Draw an infinite blank line, AF, to the extre- 
mity of the line AB, to make with it any angle ; 
lay the line C, from A to C : and D, from C to D; 
and join the points B and t), by the line BD ; thro* 
C, draw CE parallel to BD (by prob. 8.) so is E 
the point of division. 

For, by tor. L theo. 20. AC : AD : : AE : AB. 
Or,C!D:: AE:EB. 

PROBLEM XV. 

To describe a circle about a triangle ABC, or 
(which is the same thing) thro" any three points^ 
Ay Bj C, which are not situate in a right line. 
Fig. 3. 

By prob. 4. Bisett the line AC by the perpen* 
dicalar DE^ and also CB, by the perpendicular F6, 
the point of intersection H, of these perpendiculars, 
is the centre of the circle required, from which take 
the distance to any of the three points. A, B^ C, 
and describe the circle ABC, and it is done. 
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For, by cor. to theo. 8. the lines DE and FG, 
must each pass through the centre, therefore, their 
point of intersection H, must be the centre. 

SCHOLIUM, 

By this method the centre of a circle may be 
found, by having only a segment of it given. 

PROBLEM XVL 

To make an angle of any number of degrees , at 
the point J, of the line A -B, suppose of 45 degrees^ 
(Fig.k.) 

From a scale of chords take 60 degrees, for 60 
is equal to the radius (by cor. theo. 15.) and with 
that distance from A, as a centre, describe a circle 
from the line AB ; take 45 degrees, the quantity of 
the given angle, from the same scale of chords, and 
lay it on that circle from a to b, through A and b, 
draw the line ABC ; and the angle A will be an an- 
gle of 45 degrees, as required. 

If the given angle were more than 90, take its 
half (or divide it into any two parts less than 90) 
and lay them after each other on the arc which is 
described with the chord of 60 degrees ; through 
the extremity of which, and the centre, let a line be 
drawn, and that will form tlie angle required, with 
the given line. 



/ 
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PROBLEM XVn. 

To measure a given angle, ABC. Jig. 5. 

If the lines which iiiclude the angle^ be not na 
long as the chord, of 60 on your scale, produce 
them to that or a greater length, and between them 
so produced, with the chord of 60 from B, describe 
the arc e d ; which distance e d, measured on the 
same line of chords, gives the quantity of the angle 
BAG 48 degrees, as required; this is plain from 
def. 19. 

PROBLEM XVIIL 

To make a triangle BCE equal to a given qua* 
drilateral figure ABCD. Jig. Q. 

Draw th^ diagonal AC, and parallel to it (by 
prob. 8.) DE, meeting AB produced in E ; then 
draw GE, and EGB will be the triangle required. 

For the triangles ADC, AEG being upon the 
same base AG, and under the same parallel ED 
(by cor. to theo.13.) will be equal, therefore if 
ABC be added to each, then ABGD=BEC. 

PROBLEM XIX. 

To make a triangle DFH, equal to a given five- 
sided figure AB&DE. fig. 7. 

Draw DA and DB, and also EH and CF^ parallel 
to them by prob. 8.) meeting AB produced in 
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H and F ; then draw DH, DF, and the triangle 
HDF is the one required. 

For the triangle D]^s=DHA, and DBC-= 
DFB (by cor. 10. theo. 13.) therefore by adding 
these equations, DEA + DBC = DH A + DFB it 
to each of these AI3B be added ; then DEA + 
ADB + DBC = ABCDE = (DHA + ABD + 
DFB) = DHF. 

PROBLEM XX. 

To project the line of chords, sines, tangents, 
and secants, to any radius. Jig. 8. 

On the line AB, let a semicircle ADB be de- 
scribed; let CD be drawn perpendicular to the 
centre C, and the tangent BE perpendicular to the 
end of the diameter -, let the quadrants, AD^ DB, 
be each divided into 9 equal parts, every one of 
which will be 10 degrees ; if then from the centre 
C, lines be drawn through 10, 20, 30; 40, &c. the 
divisions of the quadrant BD, and continued to 
BF, we shall there have the tangents of 10, 20, 30, 
40, &c. and the secants C 10, C 20, C 30, &c. 
are transferred to the line CD, produced by describ- 
ing the arcs 10, 10 : 20, 20 : 30, 30, &c. If 
from 10, 20, 30, &c. the divisions of the quadrant 
BD, there be let fall perpendiculars, let these be 
transferred to the radius CD, and we shall have 
the sines of 10, 20, 30, &c. and if from A we de- 
scribe the arcs 10, 10 : 20, 20 : 30, 30, &c. 
from every division of the arc AD ; we shall have 
a line of chords. The same way we may have 
the sine, tangent, &c. to every single degree on 
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'the quadrant, by subdividing every of the 9 for- 
mer divisions into '10 equal parts. By this method 
the sines, tangents, &c. may be drawn to any ra- - 

*dius ; and if, after they be transferred to lines on a 

-rale, we shall have the scales of sines, jl^angents, 

■&c. ready ^ for use. 

Concerning Scales of equal parts. 

If an inch be divided into any assigned number 
'of €iqual parts, and if these parts be continued on 
in a right line, and if the last of them be subdi- 
vided into 10 equal parts, and thence if the first 
diviMotts be number^ with 1,2,3, 4, &c. as far 

r-as 'the ruler upon which they are transferred will 

^acbiit, the scale is completed. 

These numbers, 1, 2, 3, 4, &c. usually stand 
for 10, 20, 30, 40, &c. and every one of the subdi- 
visions is called 1 : but if the numbers 1, 2, 3, 4, 
&c. be called 100, 200, 300, 400, &c. then every 
one of the subdivisions will be 10, and the units 
fnust be guessed at. 

On one side of most surveying scales, there are 
lines or scales, marked at the end with 50, 45, 40, 
S5, 30, 25, 20, 15, 10, and sometimes with other 
numbers ; these are scales of so many parts to an 
inch (whether of feet, yards, perches, or miles) as 
the respective number at the end of each expres- 
ses ; but in the surveying ivay, they are counted 
to be iso many perches to an inch, and sometimes^ 
so many feet to bsx inch. 

On the contrary side there are two scales, one of 
10, and the other of 20 ^ or one of 100^ and the 
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other of 200; or one of 1000, and the other of 
2000 parts to an inch, diagonally divided > (a view 
of the scale will make all easy ;) the first of these 
surveyors call a scale of 10, and the other a scale of 
20 perches to an inch ; and are thus counted : 
every large division is 10, every one of the subdivi- 
sions is 1, and every one downwards is one tenth 
of a perch ; or sometimes thus, every large division 
is called 100, every subdivision 10, and every one 
downwards 1 : or again, frequently by navigators^ 
every large division is called 1000, every subdivi- 
sion 100, every one downwards 10, and the tenth 
part of the distance between the lines 1. 

Hence it is easy to measure the length of any 
line, knowing the scale by which it was laid down ; 
and on the contrary, to set off any given distiuice 
from any scale. 



OF 

LOGARITHMS. 



IF to a series of numbers in geometrical progres- 
sion, whose common ratio is 10, and first term I ; 
we annex another series of numbers in arithmetical 
progression, whose first term is 0, and common dif- 
ference F: these latter numbers will be the loga- 
rithms of the former. 



Numbers. 


Logarithms. 


1 


0.00000 


10 


1.00000 


100 


2.00000 


1000 


S.OOOOO 


10000 


4.00000, Xc. 



If several geometrical means be taken, and the 
like numbier of arithmetical ones^tothe correspond- 
ing numbers, the latter will be th? logarithms of 
the foraier. * 

The nature therefore of logarithms is such, that 
addition of them answers to the multiplication of 
their corresponding numbers ; and subtraction to 
division 3 that is, when two numbers proposed are 
to be multiplied into each other, if we take the 
logarithms answering to those numbers, and add 
them together, the sum will be the logarithm an- 
swering to the number, which is tlie product of the 
two proposed numbers. 



} 
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Again when one number is proposed ta be tfr 
vided by another ; if from the logarithm of the 
dividend, we subtract the logarithm of the divi- 
sor, the remainder shall be the logarithm of the 
quotient. 

Most tables of logarithms contain the logarithms 
of all numbers from 1 to 10000, the column 
marked at the top N, is that in which you must 
find your number ; in the same line with- whicbi 
in the adjacent column^ is the logarithm^ of that 
number. 

ExAMfLE. • 

Required, the logarithm of 365. 
Answer, 2.56229. 

And though most tables of logarithms run but 
to 10000, yet by them the log. of any number 
not exceeding 10,000,000 may be found, and on 
the contrary, the number to any such logarithm^ 
thus : 

1 Find the log. of the first four figures of the 
given number 

9. Take that log. from the log! of the number 
next following, and note their di^rence. 

3. Multiply that difference by the remaining 
figures of the given number ; and from the product 
cut off as many figures as remain in the givea 
number^ or as the given number is more that four 
(coiurting from the right to the left), as in de- 
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4. The whole number in the product, added, to 
the first log. is the log, required; but the first 
figure, which is called the index, or characteristic, 
iBUst be changed ; and always be one less tha^^the 
numbieir of figures in the logarithm^ 

Example I. 

Requined, the logarithm of the number 3567894 
The log, of 3567, which are the first four.figures< 

is - 3,5523Qr 

. The log. of the following or nej^t number, viz. 
3568, is * - - - ^ . 3.55242 



Their difference^ • ., * - 12. 

Mult, by the remaining fig. yiz. - 894 



Cut off 3 figures;, because 894 isS figures, 
«nd the product is - - - - i0.72ft 
To which add the first log. - 3.55230 

Their sum is - . - 3.55240 



But because the given number consists of 7 fi- 
gures, the index must be one less, which is 6 ; sp^ 
the above index, 3, must be changed to 6, and. wc^ 
have 6.55240 the log. of 3567894 required. 

Example II. 

Required, the log. of the number 14^607. 
Thelog. of 1256is - - - S.0989» 
The next log. Mowing is - 3,09934 
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Their difference is - - - - 55 
Multiply by .07 the remaipLing figures .07 



Product 3.45 

To which add the first log. - 3.09899 

Their sum is - - - 3.09901 

Because the given number consists of 6 places^ 
change the last index to 5, which is one less than 
the places in the given number ; and you have 
5.09901, the log. of 12560? required. 

Because any number consisting of both integers 
and decimals is equal, to the quotient of the 
whole considered as an integer, divided by the 
denominator of the decimal part ; and since by 
the nature of logarithms, subtraction in them an- 
swers the quotient of other numbers ; therefore it 
follows, that when a number is given, consisting of 
integers and decimals, we can find its log. thus : 
find the log. (>f the whole considered as one integer ; 
then from that, take the log. of the denominator of* 
the decimal part, or (which is the same thing) from 
the index of the log. of the whole considered as 
an integer, subtract a number less by one, than 
the number of places in the denominator of the 
fraction, and the remainder will be the log. re- 
quired ; or the index of the log. must be 1 less, than 
the number of figures in the integer to which the 
decimal is annexed. 

Example I. 

What is the log. of the number 36.5 ? 

Find the log. of 365, which is 2. 56229 : then be- 
C9.use 10 is the denominator of the decimal part of 
the proposed number, and 1.00000 its log. there- 
fore, from 2.56229, take 1.00000, and there re- 
^ mains 1.56229 the log. required. 



OF LOGARITHMS. 71 

Or, because the whole iramber consists of two 
figures, the index of the log. must 4>e one less, 
and is therefore 1.562S9, as before. 

Example II. 

What are the log. of 6543, 654.3, 65.43, 6.543, 
-«543, .06543 and .006543 ? 

6543 . . - . 3.81578 

654.3 .... 2.81578 

65.43 .... 1.81578 

6.543 .... 0.81578 

.6543 .... 9.81578 

.06543 - - - 8.81578 

.006543 . - - 7.81578 

« 

For the log. of a decimal fraction is the same as 
that of an integer only the index is negative, and 
is so much less than 0. as the place of the decimal 
is removed from unity; and those indices may be 
distinguished from absolute ones, by letting a ne- 
gative sign over them, as above. 

To find the number of a given Logarithm. 

Look for the given log. amongst the logs, from 
1000 to 10000 (not regarding the index or first 
figure) and if you find the exact log. you want, 
you have in the margin the required number. 
But if the index of the given log. be less than 3, 
cut off" from the number found, as many figures 
as it is less ; and the figures so cut off will be deci- 
mals, and the others integers. Or if the first fi- 
gure or index, be greater than S, add as many 
cyphers to the number found as it is more, and you 
i^ve the uumber required* 



n 
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'ExAMI^tES. 

Find the numbers correspondent ' to the following 
logarithms. 



Given logarithms. 

5.55230 Answer 

4.55230 — — 

3.55230 — 

^^.55230 — — 

^1.55230 — 

1 0.55^30 — — 

'SK55230 — - 

S.55230 — — 

'7.55230 — 



Numbers. 
366700. 
85670. 
3567. 
356.7 
35.67 

— 3.567 

.3567 

— .03567 
.003567, 8Cc. 



But if the exact log. cannot be found in the ta< 
ble, 'andHhe number of « figures required exceed 
^ four, then 

1. Find as before (not regarding the index) the 
log. answering to the first four figures, but less 
than the given log. 

2. Take that from the given one, and if the re- 
mainder do not consist of two figures, prefix a cy- 
pher to it ; and after these two figures annex three 
cyphers, so will you have five figures for a dividend. 

3. Divide that by the difference between the 
log. found, and the next following, and if you^ 
quotient do not consist of three figures, prefix a 
cypher or cyphers to make it ; which three figures 
place afl;er the first four found. 

Then observe the index of the given ^g. 
which shews how many figures must be integers, 
and how npiany decimals i for the number df bx^ 
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tegers is one or more than the given index as be- 
fore* 

Example I. 
1. Required the number of the log. 4.55241 

The nearest log. which is less is 3.55230 
its number is 3567. 

The difference of these with three cyphers is for 
a dividend 11000 



The log. found - - . . . 3.55230 
The next log. - . -, - .3.55242 ^ 



Their difference will give for a divisor ^' 12 



12)11000(916 Quotient. 
• 108 






20 
12 

80 



. *. j*r 



Which quotient place after the first four Ajj^res 
found, and yoii have 3567916; and because*^ jMje 
index is 4, the number will be 35679.16 required. 

2. Required, the number answering to the log. 

5.09901 
Thenearest log. to which is 3.09899, its No. 1256 

Dividend 02000 

it 
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Log. found 3.09899 
Next log. 3.09934 




35 Divisor 


351)020006(57 
175 




250 
245 




v — ' 



Because the quotient consists of but two figures, 
prefix a cypher to it to make it three, and it is 057; 
which annexed to the first four found, is 1256057 ; 
and because the index of the given log. is 5, its 
number will be 125605.7 , 

From what has been said on this head, the fol- 
lowing problems may easily be solved by loga- 
jrithms, viz. 

PROBLEM I. 

Multiply 134 by 25.6 

To the log. of 134 - - - f-J^SlO 
Add the log. of 25.6 - - - 1^^^ 

Sum 3.53534 



The number aisWering to which sum, viz. 3430, 
is nearly the product of 133 by 25.6 and is the^ an- 
swer. 

Again, multiply 234^by 36. 
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To log. of 234 2.36922 

Add the log. of 36 1.55630 

Sum 3.99552 its number 

is 8424 required. 

RROBLEM II. ' 

What is the quotient of 828 by 23 ? 

From the log. of 828 2.91803 
Take the log: of 23 1.36173 

Difference 1.55630 its number 

is 36 the quotient required. 

Again, what is the quotient of 30550 by 47 ? 

From the log. of 30540 4.48501 
Take the log, of 47 1.67210 

2.81291 its number 

is 650 the quotient required. 

PROBLEM III. 

Three numbers in a direct proportion given, to 
find a fourth. 

From the sum of the logarithms of the second 
and third numbers; deduct the logarithm of the 
, first, the remainder will be the logarithm of the 
fourth required. 
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ExAMPiE. 

Let the three proposed numbers be 36, 48, 66, 
to find a fourth propoFtional. 

To log. of 48 1.68124 
Add log. of 66 1.81954 



Sum 3.S0078 

Take log. of 36 1 .55630 



1.94448 the number is 88 the 



fourth required. 

Again, let three numbers be 240, 1440, 1230, 
to find a fourth proportional. 

To the log. of 1440 3.15836 
Add the log. o^f 1230 3.08991 

From th^ product 6.24827 
Take the log. of 240 2.3802 1 

3.86806 its immb^r 7380 

the 4th required. . 

mOBLEM IV. 

To find the square of any given number. 

Multiply the given number's logarithm by 2, and 
the product is the logarithm of its square. 
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Example. 

Required the square of 36. 

Log. of 36 1.55630 

Multiply by 2 

3.11260 its number 1296 the 

square required. 

PROBLEM V. 



To extract the square root of any given num- 
ber. 

Take half of the logarithm of the number, and 
that is the logarithm of its square root. 

Example. 

Required the square root of 1296. 
Log. of 1296 3.11260 

Its half is 1.55630 its number is 36 the 



square root of the number required. 

By the manner of projecting the lines of 
chords^ sines, tangents, and secants (being proh. 
20 of geometry) it is evident, that If the radius 
be supposed any number of equal parts (as 1000 
or 10000, &c.) the sine, tangent, &c. of every 
arc, must consist of some number of those equal 
parts ; and by computing them in parts of the ra- 
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dius^ we have tables of sines, tangents, &c. to 
e?ery arc of the quadrant, called natural sines, 
tangents, &c. and the logarithms of these give 
us tables of logarithmic sines, tangents, &c. and 
such are usually bound up with logarithms of num- 
bers. 

In which you may observe, that each page is di- 
vided into 8 columns, the first and last of which 
are minutes, and the intermediate ones contain the 
sines, tangents, and secants, the upper and lower 
columns contain degrees, the column of the mi- 
nutes on the left hand of each page, answers to 
the degrees in the top column; and the sines, 
tangents, and secants belonging to those degrees 
and minutes, are in the columns marked at 4;he 
top with tlie words sine, tangent, and secant; 
the column of minutes on the right hand of each 
page, answers to the degrees in the bottom of the 
page; and the sines, tangents, and secants, an-: 
swerkig to those degrees and minutes, are in the 
columns, marked at the bottom with the words 
sine, tangent secant; the degrees in the top 
column beginning at 0, proceed to 44, where they 
end ; and those at the bottom of the page begin at 
89, and proceed to 45 in a decreasing series ; the 
degrees in the different columns being the com- 
plement of each other. From what has been said, 
we may easily find the sine, tangent, or secant 
of any arc, from the tables, by looking for the 
given number of degrees at the head or foot of 
the page, according as they are less or greater than 
45, and in the proper side column for the odd 
minutes, if there be any; then below or above 
the word sine, tangent or secant, and on the 
same line with the minutes, we shall have that 
which was required. 
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Example I. 

Required, the sine of 36 degrees 40 miniites. 

Look at the head of the page for 36 degrees, 
and in the side column on the left hand, for 40 
minutes ; then below the word sine, on the same 
line with 40, we find 9.77609 ; which is that re- 
quired. 



Example IL 



jJk 



Required the tangent of 54 degrees SO minutes. 

Look at the foot of the page (because the pro- 
posed degrees are more than 45.) for 54 degrees, 
and in the right hand column for 30 minutes ; then 
in the column marked tangent at its bottom, and 
on the same line with SO minutes, in the side co- 
lumn, we find 10.i467^y which is the log-tangent 
required. 

The reverse of this, viz. The logarithm of a 
sine, tangent, or secant, being given, to find the 
arc belonging to it, is performed by only looking 
in the proper column, for the nearest logarithm to 
that proposed, and the degrees and minutes an- 
swering thereto, are those required. 

We will now shew how any sign, tangent, or 
secant may be had, tho* the figures in the tables 
were defaced, njis-prii^ted, or obhterated. 

PROBLEM I. 

To find the tangent which is defaced, by the 

sine and co-sine. 

\ 
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The co-sine taken from the sine added to 90, or 
radius, which is 10.00000, the remainder is the 
tangent. (By part 1. Iheo. 24.) 

Example. 

1. Suppose the tangent of 4r. SO', wasdefaced^ 
but the sine and cosine of it visible. . 

From the sine of 41°. SO' + 10.00000, 
or radius, 19.81983 

Take the co-sine of 41^ 20' 9-87557 



The rem. is thetan. of 41o. 20' req. viz. 9. 94426 



2. To find a sine which is mis-printed, by help 
of the co-sine and tangent. 

From the sum of the tangent and co-sine, take 
10.00000, or radius, (which is the same thing) 
cut off the first figure in the index, the remainder 
is the sine required (by part 2. theo. 24.) 

Example. 

Suppose the sine 0^46*". 50' was de&ced,^but 
the tangent and co-sine visible. 

To the tangent of 46^ 50' 10.02781 

Add the co-sine of 46^ 50' 9.83513 



Their sum is the sine of 46**. 50' req. viz. 19.86294 

The co-tangent and co-sine of any arc, may be 
had by the same method ; the complement of any 
degree, being only its residue from 90, or a 
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quadrant; as before observed, by tbeo. 24, part 3 

and 4.) . 

3. To find a tangent by the help of a co«tangent 
only- 

From twice the radius, which is 20.00000, take 
the co-tangent, the remainder is the co-tangent, (by 
theo. 24. part. 5.) 

Example. 

Required, the tangent of 29^. 50^ being defaced, 
as also the sine and co-sine defaced, by the co-tan- 
gent only. 

From twice the radius, 20.00000 

Take the co-tangent of 29*. 50" 10.24148 

The rem. is the tang, of 29^ 50^ req. 9-75852 

4. To find the secant by the help of a confine j 
which may be found of great use when a table of 
sines and tangents can only be had. 

From twice the radius, which is 20.00000, take 
the co-sine, and the remainder will be the secant, 
(by theo. 24. part 6.) 

\ 

EXAMPI^. 

Required, the secant of 57*. 20^ by the help of 
the co-sine only. 



From the double radius. 
Take the co-sine of 5T. 20' ' 

The rem. is the secant of 5T- 20' 


req. 


80.00000 
9.73219 


10.26781 
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5. To find a secant by the help of the sine and 
tangent. 

From the tan^nt added to radius, take the 
sine, the remainder will be the secant, (by the* 
24. part 7.) 

Example. 

Required, the secant of 57*. 20 by help of the 
sine and tangent. 

From the tan. of 5T. 20'+ 10.00000 
the radius, 20.19303 

Take the sine of 57^ 20' 9-92522 



The rem. is the ^ecarit of 5T^ 20^ req. 10.2678 1 



The secants in these tables might have been 
omitted, because all proportions in which they are 
concerned, may be wrought by sines and tangents 
only, as shall be shewn in the several cases of plane 
trigonometry ; and are here only inserted that all 
the various methods of resolving triangles may be 
shewn. 



SECTION II. 



Containing Plane" Trigonometry ^ right-angled and 
oblique, zoit/i its Application in determining the 
Measures of inaccessible^ Heights and Distances. 



PLANE TRIGOKOMETRY 



IS the science of measuring the sides and an- 
gles of plane triangles. It is divided into two 
parts, viz. into rectangular and oblique angular 
trigonometry, because every triangle is either right- 
angled or oblique; therefore we shall begin with 



RECTANGULAR TRIGONOMETRY. 

Plate V. fig. 1. 



1. In every right-angled plane triangle, ABC, if 
the hypothenuse AC be made the radius, and with 
it a circle, or an arc of one, be described from 
each end ; it is plain (from def 22.) that BC is 
the sine of the angle A, and AB is the sine of the 
angle C ; that is, the legs are the sines of their op- 
posite anglei^. 
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Plate V. • 

2. If one leg AB be made the radius, and with 
it, on the point A, an arc be described ; then BC 
is the tangent, and AC is the secant of the angle 
A, by def: 24 and 25. fig. 2. 

3. If BC be made the radius, and an arc be 
described with it on the»point C ; then is AB the 
tangent, and AC is the secant of the angle? C, as 
before. Fig. 9. 

. Because the sine, tangent, or secant of any 
given arc in o ne*c iagle, is to the sine, tangent,* 
or secant of ^ttk ' arc (or to one of the like 
number of degrees) in another circle; as the 
radius of the one is to the radius of the other ; 
therefore the sine, tangent, or secant of any arc 
is proportional to the sine, tangent, or secant of a 
like arc, as the radius of the given arc is to 
10.00000, the radius from whence the logarith- 
mic sine^, tangents, and secants, in most tables, 
are calculated, i. e. 

' If AC be made the radius, the sines of the 
angle A and C, described by the radius AC, 
will be proportional to the sines of the like arcs, 
or angles in the circle, that the tables now men- 
tioned were calculated for. So if BC was required, 
having' the angles and AB given, it will be 
fig,l. 

As S.C : AB : : S.A : BC. 

i. e. As the sine of the angle C in the tables, is 
to the length of AB ; (or sine of the angle C, in 
a circle whose radius is AC ;) so is the sine of 
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Plate V. 

the angle A in the tables, to the length of BC, 
(or sine of the same angle, in the circle, whose ra- 
dius is AC.) 

In like manner, the tangents and secants repre- 
sented by making either leg the radius, will be 
proportional to the tangents and secants of a like 
arc, as the radius of the given arc is to 10.00000, 
the radius of the tables aforesaid. 

Hence it is plain, that if the name of e^ch side 
Hf the triangle be placed thfirepn, a proportion 
will arise to answer the same ^jtt/jl before : thus 
if AC be made the radius, let tmrWord radius be 
written thereon; and as BC and AB, are the 
. sines of their opposite angles ; upon the first let 
S.A, or sine of the angle A, and on the other let 
S.C, or sine of the angle C, be wrote : then. 

When a side is required, it may be obtained by 
this proportion, viz. 

As the name, of the side given 

is to the side given. 
So is the name of the side required 

to the side required. 

Thus, if the angles A and C, and the hypothe-, 
nuse AC were given> to find the legs -, the propor- 
tions will be 

1. R: AC::S.A: BC. fig. 1. 

That is, as radius is to AC, so is the sine of the 
angle A, to BC. And, 

2. R : AC : : S.C : AB. 

That is, as radius is to AC> so is the sine of the 
angle C^ toAB* 
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Plate V. 

When an angle is required we use this propor- 
tion, viz. 

As the side that is made the radius^ 

is to radius, 
So is the other given side, 

to its name. 

Thus if the legs were given to find the angle A, 
and if AB be made the radius^ it will be « 

AB : R : : BC : T.A. Fig. 2. 

That is, as AB, is to radius, so is BC, to tbe 
tangent of the angle A. 

After the same manner, the sides or angles of 
all right-angled plane triangles may be found, from 
their proper data. * ' 

We here, in plate 4, give all the proportions re- 
quisite for the solution of the six cases in rectangu- 
lar trigonometry ; making every side possible the 
^ radius. 

In the following triangles this mark — in an an- 
gle, denotes it to be known, or the quantity of de- 
grees it contains to be given ; and this mark ' on 
a side, denotes its length to be given in feet, yards, 
perches, or miles, &c. and this mark*, either 
in an angle or on a side, denotes tbe angle or side 
required. 
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Plate V. 

From these proportions it may be observed; 
that, to find a side, when the angles and one side 
are given, any side may be made the radius : and 
to find an angle, one of the given sides must be 
made tbe radius. So that in the 1st, 2d, and 3d 
cases, any side, as well required as given, maybe 
made the radius, and in the first statings of the 
4th, 5th, and 6tti cases, a given side only is made 
the radius. 



RECTANGULAR TRIGONOMETRY. 
CASE I. 

THE angles and hypothenuse given, to find the 
base and perpendicular. Fig. 4. 

In the right-angled triangle ABC, suppose the 
angle A 46**. 30', and consequently the angle C 
43^ so; (by cor. theo. 5 ;) and AC 250 parts,, 
(as feet, yards, miles, &c.) required the legs AR 

antlBC. 
f 

GEOMETRICALLY. 

Make an angle of 46*.30' in blank lines, (by 
prob. 16. sect. 1.) as CAB; lay 250, which is the 
given^hypothenuse, from a scale of equal parts, 
from "a to C; from C, let fall the perpendicular 
BC ; (by prob. 7. sect, L) and that will constitute 
the triangle ABC. Measure the lines BC, and 
AB, from the same scale of equal parts that AC 
was takea from ; and you have the answer.. 
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Plate V. 

By Calculation. 

I . Making AC the radius^ the required sides are 
found by these propositions, as in plate 4. case 1. 

R : AC : : S.A : BC. 
R : AC : : S.C : AB. 



i. e. As radius, ; 90* 

is to AC 250 

So is the sine of A 46». SC 



toBC. 



l81. 4 



ib.ooooo 

2.39794 
9.86056 

2.25850 



'As radius, 90* 

is to AC, 250 

So is the sine of C 43*30' 



to AB, 



172. 1 



10.00000 
2.39794 
9.83781 

2.23575 



If from the sum of the second and third logs, 
that of the first be taken, the number will be the 
log. of the fourth; the number answering to whicb« 
will be the thing required ; but when the first log. 
is radius, or 10.00000, reject the first figure of the 
sum of the other two logs, (which is the same thing 
as to subtract 10.00000; and that will be the log. 
of the thing required. 

2. Making AB the radius. 



Secant A : AC : : R : AB. 
Secant A:AC::T.A:Ba 



PLANE TRIGONOMETRY. 



89 



i. e. As the secant of A 46° SO* 
is to AC, 250 

"So is radius 90° 



toAB, 172.1 

As the secant of A 46° SC 

is to AC, % 250 

JSo is the tangent of A 46° 30* 



toBC, 181.4 

As the sfcajat of C 43° 30' 

is to AC, 250 

So is the tangent of C 43° 30' 



toAB, 172.1 



10.16219 

2.39794 

10.00000 

12.39794 

2.23575 

10.16219 

2.S9794 

10.02275 

12.42069- 



toBdp 181.4 


• 

2.25850 


3. Making BC the radius. 
Sec.C: AC::R : BC. 
,. »Sec. C : AC : : T.C : AB. 
i. e. As the secant of C 43° 30* 
is to AC, 250 
, So is radius 90* 


10.13944 

2.39794 

10.00000 



12.39794 

2.25850 

10.13944 
2.39794 
9.97725 

12.37519 

2.23575 



Or, having found one leg, the other may be ob- 
tained by cor. 2. theo. 14, sect. 1. 

M "^ 
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By Gunter's Scale. 

On this scale there are lines of numbers, sin^^ 
and tangents, as well as lines of sine and tadgent 
rombs, versed sines, meridional parts, and equal 
parts ; but the three first lines are sufficient for our 
present purpose. 

The divisions on these respective lines, are the 
logarithms of numbers, sines, and tangents, taken 
from a scale of equal {!>arts^ and applied on the 
lines of the scale. 

The first and third terms in the foregoing pro- 
^portions, being of a like nature, and ^se of the 
second and fourth being also like toipdi other; 
and the proportions being direct ones, it follows -, 
that if the third term be greater or less than the 
first, the fourth term will be also greater or less 
than the second : therefore the ext€»t i« your 
compasses, from the first to the third term, will 
reach from the second to the fourth. 

Thus, to extend the first of the foregoing pro- 
portions ; 

1. Extend from 90« to 46^ 30', on the line of 
sities ; that distance will reach from 250 on the line 
of numbers, to 181, for BC. 

2. Extend from 90"* to 43^ SO', on the line of 
sines; that distance will reach from 250 on the line 
of numbers, to 172, for AB. 

If the first extent be from a greater to a less 
number ; when you apply one point of the com- 
passes to the second term, the other must be turn- 
ed to a less ; and the contrary. 

By def. S2. sect. 1 . The sine of 90^ is equal to 
the radius ; and the tangent of 45* is also equal 
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to the radius ; because if one angle of a riglit 
angled trfangle be Ad"", the other will be also 4d'' ; 
and thence (by the. lemma preceding tbeo. 7. 
sect. 1.) the tangent of 45'' is equal to the radiuB : 
for this reason the line of numbers of 10.00000, 
the sine of 90*, and tangent of 45? being all 
equal, terminate at the same end of the scale ; 
•where there are small brass centres, usually placed 
. to preserve the scale. 

It was said before, that the tangents ended at 
45"* ; but because the logarithms of tangents more 
than 45*, must pass off the scale ; such distances 
therefore, as exceed 45% are set backwards from 
45, and numbered 50, 60, 70, STc. 

There is no line of secants on the scale j for 
every thing requisite can be performed without 
them. 

Thus the two first statings of this case, answers 
the question without a secant : the like will be also 
made evident in all the following cases. 

CASE II. 

The base and angle given ; to find the perpendicu- 
lar and hypothenuse. 
Plate V. fig. 5. ' , ' 

In the triangle ABC there is the angle A 42* 
20', and of course the angle C 47"* 40' (by cor. 
2. theo. 5.) and the leg AB 190, given ; to find 
BCandAC. 

Geometrically. 

Make the angle CAB (by prob. 16. sect. 1.) in 
bli^k lines, as before. From a scale of equal parts 
lay 190 from A to B; on the point B, erect a per- 
pendicular BC (by prob. 5. sect. 1.) the point 



m 
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where this cuts the other blank line of the angle, 
will be C; so is the triangle ABC constructed : let 
AC and BC be measured from the same scale of 
equal parts that AB was taken from, and you have 
the answer. 



By Calcui 

1. Making AC 

S.C: AB::R: 

S.G::AB::S.^ 

e. As the sine of C 

is to AB, 
So is radius 


lotion, 
'.the radius. 
\\C. 
l:BC. 
4r. 40' • 
190 
90' 

257 

4r. 40' • 

190 
42^.20' 

173.1 


9.86879 

2.27875 

10.00000 




12.27875 


to AC, 


2.40996 


As the sine of C 

is to AB, 
So is the sine of A 


9.86*79 

2.27875 
9.82830 




12.10705 


to BC, 


2.23826 



2. Making AB the radius. 
R i AB : : T. A : BC. 
R : AB : : Sec. A : AC. 
i. e. As radius 90° 10.00000 

istoAB, 190 2.27875 

So is the tangent of A. 42°. 20' 9.95952 

to BC, 173.1 2.23827 
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As radius ^ 

is to AB, 
So is the secant of A 

to AC, 



90' 

190. 

42«'20' 

257 



10.00000 

2.27875 

10.13121 

2.40996 



S. Making BC the radius. 

T. G : AB : : Sec. C : AC. 
T. C : AB : : R : BC. 

i. e. As the tangent of C 47* 40 10.04048 

istoAB, 190 2.27875 

So is the Secant of C 4r 40' 10.17170 



10.45045 



to AC, 

As the tangent of C 47° 40' 
istoAB, 190 

So is the radius 90* 



257 2.40997 



toBC 



173.1 



10.04048 

2.27875 

10.00000 

12.27875 

2.23827 



Or having found one of the required sides, the 
•ther may be obtained, by one or the other of the 
eors. to theo. 14. sect. 1. 

By Gunter's Scale, 
1. When AC is made the radius. 
Extend from 47° 40, to 90' on the line of 
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dines; that distaiice will reach from 190 to 257 
on the line of numbers, for AC. 

2- When AB is made the radius, the first stating 
is thus. performed. 

Extend from 45* on the tangent (for the tangent 
of 45* is equal to the radius^ or to the sine of 90 as 
before) to 42* 20'; that extent will reach from 190> 
on the line of numbers, to 172 for BC. 

3. When BC is made the radius, the second stat- 
ing is thus performed. 

Extend from 47"^ 40' on the line of tangents, to 
45^, or radius; that extent will reach from 190 to 
173, on the line of numbers, for BC ; for the tan- 
gent of 47** 40', is more than the radius, therefore 
the fourth number must be less than the second, as 
before. 

The two first statings of this case, answer the 
question without a secant. 



CASE III. 



The angles and perpendiculars given ; to find the 
base and hypothenuse. 



Plate V. Fig. 6. 

In the triangle ABC, there is the angle A 40% 
and consequently the angle C 50*, with BC 170, 
given : to find AC and AB. 



PLANE TRIGONOMETRY, 95 

Geometrically. 

Make an aagle CAB of 40* in blank lines; (by 
prob. 16. sect. 1.) with BC 170, irom ajine of 
equal parts draw the popped lines EF parallel to 
AB (by prob 8. sect. 1.) the lower line of the an- 
gle, and from the point where it cuts the other line 
in C, let fall a perpendicular BC (by prob. 7. sect. 
1.) and the triangle is contracted 2 the pleasures 
of AC and AB, from the same scale that BC was. 
taken, will answer the question. 

What has been said in the two foregoing cases, 
is sufficient ^to render the operations in this, both 
by calculation and Gunter*s scale, so obvious, that 
it is needless to insert them ; however, for the sake 
of tlie learner, we give for 

- - Aiiswer, AC 264.5, and AB 202.6. 

CASE IV. 

The ^ase and hypothenuse given ; to Jind the an- 
gles and perpendicular. 

Plate V. fig. 7. 

In the triangle ABC, there is given, AB 300 
and AC 500 : the angles A and (^ aiid the perpen- 
dicular BC, are required. 

Geometrically. 

From a scale of equal parts, lay 300 from A to 
B ; on B erect an infinite blank perpendicular line, 
with AC 500, from the same scale, andone foot of , 
the compass, in A, cross the perpendicular line in 
C ; and the triangle is constructed. 



§6 
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By prob. 17. sect. 1. Measure the angle A, Mid 
let BC be measured from the same scale of equdi 
parts that AC and AB were taken from ; and you 
have the answer. 



By Calculatmi. 

1, Making AC the radius. 

AC : R : : AB : S.C' 
R : AC : : S.A : BC. 



i. e. As AC 

is to radius. 
So is AB 



500 , 2.69897 

90" 10.00000 

300 2.47713 



to the sine ofC. 36° 52' 



12.47712 
9.77815 



By cor. 2, theo. 5. 90*— 36° 52'«5S'' 08' the 

angle A. s 

As radius . 90° 10.00000 

is to AC, 500 2.69897 

So is the sine of A 53' 08' 9.90301 

to BC, 400 2.60198 



2. Making AB the radius. 

AB : R : : AC : sec. A. 
R : AB : : T. A : BC. 
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i.e. AsAB 300 

i& to radius 90* 

So is AC 600 


2.47712 

10.00000 

2.69897 




12.69897 


to the secant of A, sy. 08' 


10.22185 


As radius 90* 

is to AB, 300 

So is the taogent of A 53'. 08' 


10.00000 

2.47712 

10.12499 


toBC, 400 


2.60211 



Op BC may be found from cor. 2. theo. 14. 

S6Cv* 4 • 

By Gunter^s scale. 



\, Making AC the radius. 

Extend from 500 to 300, on the line of numbers : 
that extent will reach from 90% on the line of 
sines, to 3&. 52' for the angle C. 

Again, extend from 90"*. to 52**. 08' on the line 
of sines, that extent will reach from 500 to 400^ 
on the line of numbers, for BC. 

2. Making AC the radius, the second stating is 
thus performed. 

Extend from radius, or the tangent of 45*. to 
SS". 08V that extent will reach from 300 to 400, 
for BQ 

K 
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CASE V. 



The perpendicular and hypotheniise giuen^ to find 
the angles and base. 



Plate V. Fig. 8. 

In the triangle ABC there is BC 306, and AC 
S7i> given; to find the angles A and C; and the 
base AB. 

Geometrically, 



Draw a blank line from any point, in which, at 
B, erect a perpendicular, on which lay BC So6, 
from a scale of equal parts : from the same scale, 
with AC 370, in the compasses, cross the first 
drawn blank line in A, and you have the triangle 
ABC constructed. 

Measure the angle A. (by prob. 17. sect, 1;) 
and also AB, from the same scale of equal parts 
the other sides were taken from, and you have the 
answer. 

The operations by calculation, the square root, 
and Gunter's scale, are here dmitted, as they have 
been heretofore fully explained : the statings, or 
proportions must also be obvious, from what has 
already been said. 

Answer. The angle A 55*. 48'; therefore the 
angle C 34*, 12', and AB 208. 
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CASE VI. 



The base and perpendicular given s to find the an- 
gles and hypothenuse, 

Plate V. fig. 9. 

In the triangle ABC, there is AB 225, and BC 
272, given ; to find tl)e angle A ahd C^ and the 
hypothenuse AC. 



Geometrically. 

Draw a blank line, on which lay AB 2?5, from 
a scale of equal parts; at B, erect a^perpeqdicular ; 
on which lay BC, 272, from the same scale ; join 
A and C, and the triangle is constructed. 

As before, let the angle A, and the hypothenusc 
AC be measured; and you have the answer. 

By Calculation. 

1. Making AB the radius. 

AB:R: : BC : T. A. 
R. : AB : : Sec. A : AC. 

' 2. Making BC the radius. 

BC : R : : AB : T. C. 
R. : BC : : Sec. C : AC. 

By calculation ; the answer from the foregoing 
proportions is easily obtaitied, as before. 
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But because AC, by either of the said propor- 
tions, is found by means of a secant; and since there 
• is no line of secants on Gunter's scale ; after having 
found the angles, as before, let us supposie AC the 
radius, and then 

1. S.A:BC::R. :AC. 
or 2. S. C : AB : : R. : AC. 

These proportions may be easily resolved, either 
by calculation or Gunter's scale, as before ; and 
thus the hypothenuse AC may be found without a 
^ecant. 

From the two given legs, the hypothenuse may 
be easily obta^ined, from cor. 1. theo. 14. sect. 1. 

•* ■ * . 

Thus the square of AB -s 50625 
Add the square of BC =. 73984 

124609(353 s« AC 
9 



65)346 
325 



703)2109 
2109 



From what has been said on logarithms, it is 
plain, 

1. That half the logarithm of the sum of the 
squares of the two sides, will be the logarithm of 
the hypothenuse. Thus, 

The sum of squares, as before, is 124609 ; its 
log. is 5.09554, the half of which is 2.54777 j 
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and the corresponding number to this, in the table, 
will be 353, for AC. 

2. And that half of the logarithm of the dif- 
ference of the squares of AC and AB, or of AC 
and BC, will be the logarithm of BC, or of AB. 

The following examples are inserted for the use 
of the learner. 

1. Given,| ^^^ ^"^^^^ ^3876{bc''^"'''^^ 

*2. Given, i ^^"^AB jw] gQ required. 

- f^. > the angle C 28" 3(yfAB . , 

3. Given,| '^ BC 27187 Ibc""^"""^- 

. /^. ) AB 2 (the angles . , 

4. Given,| ACS jandBC ''^"^'•^' 

, ^. ) ' BC 17 rthe angles . , 

5. Given, j AC 21.6|and aI ''^""•^• 

« ^. ■) AB 2871.64 f the angles . , 

6. Given,| ^ gj^g^ J^^^^g required. 



The answers are omitted, that the learner may 
resolve them himself by the foregoing methods j 
by which means he will find and see more distinctly 
their mutual agreements: and become more ex- 
pert, and the better acquainted with the subject. 



OBLIQUE ANGULAR 

PLANE TRIGONOMETRY. 

BEFORE we proceed to the solution of the 
four cases of Oblique angular triangle's, it i& 
necessary to premise the following theorems. 

THEOREM I. 

Plate V. 

Ifi any plane triangle ABC, the sides are pro- 
portional to the sines of their opposite angles^ i, e. 
S. C : AB : : S. A : BC, and S. C : AB :: S. B ; 
ACs also S. M ': AC : : *. A : BC. Fig. 10. 

Bytheo. 10. sect. 1. the half of each side is 
the sine of its opposite angle; but the sines of 
those angles, in tabular parts, are proportional to 
the sines of the same in any other measure ; and 
therefore, the sines of the angles will be as the 
halves of their opposite sides ; and since the halves 
are as the wholes, it follows, that the sines of their 
angles are as their opposite sides, i. e. S. C : AB 
5 : S. A : BC, 8{c. Q. E. D. 

THEOREM IL 

In any plane triangle ABC, the sum of the twe 
given sides AB and BC, including /a given angle 
ABCy is to their difference, as Hie tangent of half 
the sum of the two unknown angles A and C is to 
the tangent of half thevr difference. Fig^ 11. 
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Produce AB and make HB=BC, and join HC: 
let fall the perpendicular BE, and that will bisect 
the angle HBC (bj theo. 9. sect. I.) through B 
draw BD parallel to AC, d.nd make HF=DC, and 
join BF ; take BI=BA, and draw IG parallel to 
BD or AC. 



It is then plain that AH will be the sum, and 
HI the difference of the sides AB and BC ; and 
since .HB=BC, and BE perpendicular to HC, 
therefore HE=EC (by theo. 8. sect. 1 ;) and since 
BA— BI, and BD and IG parallel to AC, there- 
fore GD=DC=FG, and consequently HG=FD, 
and i HG=i FD or ED. Again EBC being half 
HBC, will be also half the sum of the angles A 
and C (by theo. 4. sect 1.) also, since HB, HF, 
and the included angle H, are severally equal to 
BC, CD, and the included angle BCD ; therefore 
(by theo. 6. sect. 1.) HBF=DBC=BCA (by 
part 2. theo. 3. sect. I.) and since HBD==A (by 
parts, theo. 3. sect. 1.) andHBF=BCA; there- 
fore BFD is the difference, and EBD, half the 
difference of the angles A and C : then making 
BA the radius, it is plain, that EC will be the tan- 
gent of half the sum, and ED the tangent of half 
the difference of the two unknown angles A and C: 
now IG being parallel to AC ; AH : IH : : CH : 
GH. (by cor. 1. theo. 20. sect. I.) But the wholes^ 
areas their halves, i. e. AH : IH : : CE : ED, that 
is ,as the sum of the two sides AB and BC, is to 
their difference ; so is the tangent of half the sum 
of the two unknown angles A and C, to the tangent 
of half their difference. Q. E. D. 



104 PLANE TRIGONOMETRY, 
Plate V. 

THEOREM JII. 

In any right-lined plane triangle ABD ; the 
base ADy will be to the sum of the other sideSy ABy 
BDj as the difference of those sides, is to the dif- 
ference of the segments of the base, made by the 
perpendicular BE , viz. the difference between AE 
and ED. Fig. 12. 

Produce BD, till BG=AB the lesser leg ; and 
on B as a centre, with the distance BG or BA, 
describe a circle AGHF ; which will cut BD, and 
AD in the points H and F ; then it is plain, that 
GD will be the sum, and HD the difference of 
the sides AB and BDj also since AE=EF (by 
theo. 8. sect. 1.) therefore, FD is the difference 
of AE ED, the segments of the base; but (by 
theo. 17. sect. 1.) AD : GD : : HD : FD; that 
is, the base is to the sum of the other sides, as the 
difference of those sides, is to the difference of the 
segments of the base. Q. E. D. 

THEOREM IV. 

Xf to half the sum of two quantities j be added 
half their difference ; the sum will be the greatest 
of them ; and if from half the sum be subtracted 
half their difference ; the remainder will b^ the 
least of them. Fig. 13. 

Let the two quantities be represented by AB 
and BC; (making one continued line;) whereof 
AB is the greatest, and BC the lefist ; bisect the 
whole line AC in E ; and make Ai)==BC ; thea 
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Plate V. 

it is plain, that AC is the snm, and DB the dif- 
ference of the two quantities; and AE or EC, their 
half sum, and DE or EB their half difference. Now 
if to AE we add EB, we shall have AB, the great- 
est quantity ; and if from EC we take EB, we 
shall have BC the least quantity. Q. E. D. 

Cor. Hence, if from the greatest of two quanti- 
ties, we take half the difference of them, the re- 
mainder will be half their sum; or if to half their 
difference be added the least quantity, their sum 
will behalf the sum of the two quantities, 

OBLIQUE ANGULAR TRIGONOMETRY. 

TWO sidesy and an angle opposite to one of them 
given ; to Jind the other angles and side. 

In the triangle ABC, there is given AB 240, the 
angle A 46* 30', and BC 200 ,• to Jind the augle C, 
being acute, the angle B, and the side AC. Jig. 14. 

Geometrically. 

Draw a blank line, on which set AB 240, from 
a scale of equal parts ; at the point A, of the line 
AB, make an angle of 46'. 30', by an infinite 
blank line; with BC 200, .from a like scale of 
equal parts that AB was taken, and one foot in B, 
describe the arc DC to cut the last blank line in 
the points D and C. Now if the angle C had 
been required obtuse, lines from D to B, and 
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Plate V. 

to A, would constitute the triangle; but asit u 
required acute, "draw the lines from C to B, and to 
A, and the triangle ABC is constructed. From 
a line of chords let the angles B and C be mea- 
sured ; and AG from the same scale of equal parts 
that AB and BC were taken -, and you will have 
the answer required. 

By Calculation. 
This is performed by theo. 1. of this sect, thus ; 



As BC 200 

isto thesineof A 46'. 30' 

So is AB 240 



2.30103 
9.86056 
2.38021 

12.24077 



to the sine of C, 



60». 30' 9.93974 



180 — the sum of the angles A and C, will give 
the angle B, by cor 1. theo. 5. sect. 1. 
A 46». 30* 
C 60. 31 



180—107 01 = 72». 59' = B. 
As the sine of A 46* 30* 
is to BC, 200 

So is the sine of B. 72«. 59' 



9.86056 
2.30103 
9.98056 

12.28159 



to ACi 



263. 7 



2.42103 



PLANE TRIGONOMETRY. 107 
Plate V. 

By Gunter^s Scatf. 

Extend from 200 to 240, on the line of num- 
bers ; that distance will reach from 46* 30' on the 
line of sines, to 60' 31' for the angle C. 

Extend from 46* 30^, to 72^ 59', on the line of 
sines ; that distance will reach from 200 to 263.7 
on the line of numbers, for AC. 

CASE II. 

Two angles and a side given j to find the other 
sides. 

In the triangle ABC, there is the angle A 46* 
SO' AB 230, and the angle B 3?'^ 30', given to find 
AC and BC. fig. 15. 

Geometrically. 

Draw a blank lintf, upon which set AB 230, 
from a scale of equal parts ; at the point A of the 
line AB, make an angle of 46* 30', by a blank 
line ; and at the point B of the line AB make an 
angle of 37*^30', by another blank line; the inter- 
section of those lines gives the point C, so is your 
triangle ABC constructed. Measure AC and BC 
from the same scale of equal parts that AB was tak- 
en and you have the answer required. 

By Calculation. 

By (cor. 1. thejo, 5. sect. 1.) 180^— the sunn of 
the angles A and B = C. 
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Plate V. 

A 46° Sfy 

B 37. 30 • 



180«— 84. 00=96' 00=C. 

By def. 29. sect. 1. The sine of 96'= the 
sine of 84", which is the supplement thereof; there- 
fore, instead of the sine of 96% look in the tables 
for the sine of 84°. 

By tbeo. 1. of this sect. 

As the sine of C 96*00' 9.99761 

istoAB, 230 2.36173 

So is the sine of A 46° SO 9.86056 





167.8 

, 96° OC 

230 

37*30' 

140.8 


12.22229 


toBC, 


2.22468 


As the sine of C 

is to AB, 
So is the sine of B 


9.99761 
2.36173 
9.78445 




12114618 


to AC, 


2.14857 



-By Gunter^s Scale. 

Extend from 84** (which is the supplement of 
96**) to 46*» 3(y on the sines ; that distance will reach 
from SdO to 168> on the line of numbers, for BC. 
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Plate V. 

Extend from 84" to5T 3(y, on the sines; that 
extent will reach from 230 to 141, on the line of 
numbers, for AC. 

CASE III. 

Two sides and a contained angle given ; to find 
the other angles and side. 

In the triangle ABC, there is AB 240, thw: an- 
gle A 36* 40' and AC 180, given; to find the angles 
C and Bj and the side BC. Fig. 16, 

Geometrically. 

Draw a blank line, on which frofti a scale of 
equal parts, lay AB 240; at the point A of the 
line AB, make an afigle of 36** 40', by a blank 
line; on which from A, lay AC 180, from the 
same scale of equal parts; measure the angles C 
andB, and the side BC, as before; and you have 
the answer required. 

By Calculation. 

~ By cor. 1. theo. 5. sec. I. 1 80-— the angle 
A 36^ 40' = 143^ 20' the sum of the angles C 
and B : therefore half of 143*. 20', will be half the 
»um of the two required angles, C and B. 

By theo. 2. of this sect. 

As the sum of the two sides, AB and BC 420 
is to their diflbrence, 60 



no plakte trigonometry. 

Plate V. 



Sq !£ the tangent of half the sum of) 

the two unknown angles C and B) 71** W 

to the tangent of half their difference 23*'20' 

By Theo. 4. 

. To half the sum of the angles C and B 7V 4(y 

Add half their difference as now found 23 20 



The sum is the greatest angle or ang. C. 95 00 

Subtract and you have the least angle^ or B 48 20 

The angle C and B being found ; BC is had, as 
before, by theo. 1. of this sect. Thus, 

S.B: AC::S. A:BC. 

48'30'180 36% 40 143.9- 



By Gunter^s scale. 

Because the two first terms are of the same kind, 
extend from 420 to 60 on the line of numbers ; 
lay that extent from 45*" on the line of tangents, 
and keeping the lefl leg of your compasses, fixed, 
move the right leg to 7r. 40'; that Aisi^vicp laid 
from 45* on the Same line will reach to 23** SO'^, th^ 
half difference of the required angles. Whence the 
angles are obtained, as before. 

The second proposition may be easily extended, 
from what has been already said. 
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CASE IV. 

The sides given, to find the angles. 

In the triangle ABC, there is given, AB 64, J9j^_ 
AC 74vBC 34s: the angles A, B, C, are required, ~ 
M' 17. 

Geometrically. 

The construction hereof must be manifest, from 
prob. 1. sect. 1. * 

-By CoJ^nlation. 

From the point C, let fall the perpendicular CD 
on the base AB ; it will divide the triangle into 
two right-angled ones, ADC and CBD ; as well as 
the base AB, into the two segments, AD and DB. 



AC 
BC 


47 
34 


Surh 


81 


Difference 


13 



By theo. 3. of this sect. 

As the liase of the longest side, AB 64 
is t9r/the sum of the other sides, AC and BC, 8 1 

So is the difference of those sides 13 

to the difference of the segments of) i #: x /; 

the base AD, DB. ^ J ^^'^^ 

/ 
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By theo. 4. of this. sect. 

To half the base, or to half the sum ) ^^ 

of the segments AD and DB . ) 
Add half their difference, now found, 8.23 

Their sum will be the greatest segment AD 40.23 

Subtract, and their difference will be ) ^^ „„ 
the least segment DB, J ^*^' ' ' 



In the right angled triangle ADC, there is AC 
47, and AD 40. 23, given to find the angle A. 

. This is resolved by case 4. right-angled plane 
trigonometry, thus, 

AD : R : : AC : Sec. A. 

40.23: 90^: : 47:Sr08' ' ^ 

Or it may be had by finding the angle ACD, 
the complement of the angle A : without a secant, 
thus, 

AC : R : : AD : S. ACD. 

47: 90**: : 40. 23 : 58** 52' 

90—^8° 52* «= 3 1* 08' the angle A. 

Then by theo. 1 . of this sect. 

BC . S. A : : AC : S. B. 

34 :3r 08':: 47: 45* 37'. 
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By cor. 1. theo. S. sect. 1. 180— the sum of 
A and B=C. 

A 3 1*. 08' , 

B 45. 37 



180—76. 45=:103^ 15'. the angle C. 

,'* By Gunter^s Scale. 

The^rst proportion is extended on the line of 
numbers ^ and it is no matter whether you extend 
from the first to the thirds or to the second term, 
since they are all of the same kind : if you extend 
to the second^ that distance applied to the thirds 
will give the fourth ; but if you extend from the 
first to the thirds that extent will reach from the 
second to the fourth. 

The methods of extending the other proportions 
have been already fully treated of. 

An example in each case of oblique angular trigo^ 
nometry. 

}AC 290) A 
C 69''30'VB required: 
AB 350) BC 

}C 24^ 20^1 AB 
B 128 30 V required. 
AC 3246) BC 



(AC 6 ) A 

«. Given,-! C 124*30'yB required. 
(BC 4 5JAB 
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Plate V. ; 

!AB 46^ A 
AC 92 VB required. 
BC 52)C 



Having thus gone through plane trigonometry, 
we shall now proceed to apply the same, in deter- 
mining the measures of in^^^ssible heigj^ts ; «nd 
distances., And first. 



OF HEIGHI^. 



Plate V. 

THE instrument of least expence for taking 
heights^ is a quadrant, divided into ninety 
equal parts or degrees; and thosci^ay be subdi- 
vided into halves, quarters, or eights^ according to 
the radius, or size of the instrument: its construc- 
tion will be evident by the scheme thereof. (Fig. 18.) 

From the centre of the quadrant let a plummet 
be suspended by a horse hair ; or a fine silk thread 
of such a length that it may vibrate freely, near 
the edge of its arc : by looking along the edge 
AC, to' the top of the object whose height is re- 
quired ; and holding it perpendicular, so that the 
plummet may neither swing from it, nor lie on it ; 
the degree then cut by the hair, or thread, will be 
the angle of altitude required. 

If the quadrant be fixed upon a ball and socket 
on the three legged staff, and if the siiem from the 
ball be turned intp the notch of the socket, so as 
to bring the instrument into a perpendiculai* posi- 
tion, the angle of altitude by this means, can be ac- 
quired with much greater certainty. 
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Plate V. 

An angle of altitude may be alsp takqn by any 
of the instruments m3ed\in5ilrveying;; as shall he 
particularly sheVn, when we treat' of" their descrip- 
tions and uses. 

Most quadrants have a pair of sights fixed on 
the edge AC, with small circular holes in them ; 
which are useful in taking the sun's altitude, requi- 
siieto be known in many astronomical cases; this 
is effected by letting the sun's ray, which passes 
through the upper sight, fall upon the hole in the 
lower one ; and the degree then cut by the thfead, 
will be the angle of the sun's altitude; but those 
sights are useless for our present purpose, for look- 
ing along the quadrant's edge to the top of the'ob* 
ject will be sufficient, as before- 

PROBLEM I. 

Plate y. fig- 19- 

To find the height of a perpendicular object at one 
station^ which is on an horizontal plane, f , 

A steeple. 

/'The angle of altitude, 5S degrees. 
1 Distance from the observer to the foot 
Given, ^ of the steeple, or the base, 85 feet 

J Height of the instrument, or of the ob- 

V server, 5 feet. / . . . > 

Required, the height of the steeple. 

The figure is constructed and wrought, in all 

respects, as case 2. of right-angled trigonometry ; 

Only there must be a line drawn parsdlel to^ and 
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Plate V. fig. 19- 

beneath AB of 5 feet ifor the observer's height, to 
represent the plane upon which the object stands ; 
to which the perpendicular must be continued* and 
that will be the height of the object. 



Thus, AB is the base, A the angle of altitude, 
BC the height of the steeple from the instrument^ 
or from the observer's eye, if he were at the foot 
of it ; DC the height of the steeple above the hori- 
zontal surface! 

Various statings for BC, as in case 2. of right- 
angled plane trigoi^ometry. 

90* 
. .;53s=A ....■,:.; 

S7=C.' 



1. S. C : AB : : S. A : BC. 

ST 85 63^ 112.8. 

2. R. : AB::T.A:BC. 

90" 85 53" 112.8. 

2. T. C : AB : : R. : BC. 
3T 85 90° 112.8. 



ToBC 
AddDB 



112, 8 
5 the height of the observer. 



Their sum is 117. 8 or 118 feet^ the height of 
the steeple required. ' .-■ . 



I 
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PHQBJLEM II. 

Plate V. Fig. 20. 

let that be set perpendicular, by the hdp of a SuS' 
ran thus ; apply the side of a,e SranVlc' 
to the rod or staff, and when th? tS ^uS 
90 It ,s then perpendicular; the same may be 
dotae by a carpenter's, or mason's pluiX ^ 

Having thus set the rod or stair n«,.™,«j- i 
measu.. the length of i^s^rad?.^ ^^1^1^ 
shm^. as well as the length of the' shadow 'c^ the 
object, whose height is required; and you havf 
the proper requisite?, given Th.^. ^ ^^ 

ab, the Jengthof the shadow of the staff, 15 feet, 
be, the length of the staff, . ra {leet. 

Beqaired BC, the height of the object. 
1.) and consequently ,^c: T4, tria^^e. i,^^ 
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therefore mutually equiangular^ are similar (by 
theo. 16. sect. 1.) it yi^ill be, 

abtbcix AB: BC. 

15 10 135 90. the steeple's height, re- 
quired. 

The foregomg method is most to be depended 
•n I however, this is mentioned for variety's sake. 

PROBLEM m. 

To take the altitude of a perpendicular object j at 
the foot of a hill, from the hiWs side. 

Turn the centre A of the quadrant, next your 
eye, and look along the side AC, or 90 side, 
to the top and bottom of the object ; and noting 
down the angles, measure the distance from the 
place of observation to the foot of the object* 
Thus, * 

/" Angle to the foot of the object, 55* i 

r iv^n 3 ^r 55* 15' 

^iven, < ^^gj^ ^ ^^^ ^^p ^^ j^^ Sri orSr 15' 

V. Distance to the foot of it, 250 feet. 
Required the height of the objict. 

Geometrically. 



Draw an infinite blank line AD, at any point 
in which A makes the angle EAB of 55"^ 15V an4 
EAC of sr 15' ; lay 250 from A to B ; from B, 
draw the perpendicular BE (by prob. 7. of geo- 
metry) crossing AC in C ; so will BC be the height 
of the object required. 
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Plate V. fig. 21. 

In the triangle ABC there is given, 

ABE the complement of EAB to 90* which is 
34r 45'. 

ACB the difference of the given angle 24'' 00'» 

The sides AB, 250. Required, BC. 

This is performed as case 2. of oblique angu- 
lar trigonometry. Thus, ^ 

180— the sum of ABE34^ 45', and CAB 24* 
00'=ACB 121*. 15'. Then, : 

S. ACB : AB : : S, CAB : BC. 

121M5' 250 24^O0' 119, the height re- 
quired, 

PROBLEM IV; 

To fake the altifude of a perpendicular object^ 
an the top of a hillj at one station s xiyhen the top 
and bottom of it can be seen from the foot of the hilL 

Plate V. Fig. 22. 

As in prob. 1. take an angle tb the top, 
and another to the bottom of the object ; and 
measure from jthe place of .observation to the 
foot of the object, and you have all the given re- 
quisites. Thus, • 

A Tower on a hill. 

{Angle to the bottom, 48**. SO'. 
Angle to the top, QT^ 00'. 
Dist. to the foot of the object, 136 feet. 
Required, the height of the object. 



OF HEIGHTS. 121 

Plate V. fig. n. 

Geometrically^ 

Make the i angle DAB = 48* SC, and lay 136 
feet from A to B ^ from B, let fall the perpendicu- 
lar BD ; and that will be the height of the hill : 
produce BD upwards by a blank line : again, at A, 
make the angle DAC>=67^ 0(y by a blank line, 
and from C where that crosses the perpendicular 
produced, draw the line CB, and that will be th6 
height of the object required. 

Let AC be drawn. 

In the triangle ABC, there is given. 

The angle ACD the complement of DAC— 
S3* W. 

CAB the difference between the two given an- 
gles=18*3(y. 

And the side AB 136. To find BC. 

S.C : AB : : SCAB : BC. 

23' 136 18*. 30' llOi. 

If BD were wanted, it is easily obtained, by the 
first case of right-angled plane trigonometry. 

THEOREM IL 

To take an inaccessible perpendicular altitude, 
on an horizontal pla?ie. -^^ 

Plate V. fig. 23. 

This is done at two stations, thus : 
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Plate V. fig. 23. • 

Let DC be a to\<rer which cannot be approached, 
by means of a moat or ditch, nearer than B;^ at 
B, take an angle of altitude, to C : measure any 
convenient distance backward to A, which note 
down ; at A, take another angle to C ; so have 
you the given requisites, thus s. 

{First angle, 55''. 00' 
Stationary distance, 87 feet.^ 
Second angle, 3T. 00". , 

The height of the tower CD is required. 

Geometrically. 

Upon an infinite blank line, lay off the stationa- 
ry distance 87> from AtoB; from B, set off your 
first ; and from A, your second angle ; from C, the 
point of intersection of the lines which form these 
angles, let fall the perpendicular CD; and that 
will be the height of the object required. 

The external angle CBD, of the triangle ABC ; 
is equal to the two internal opposite ones. A, and 
ACB: (by theo. 4. sect. 1.) wherefore if one of the 
internal opposite angles be taken from the exter- 
nal angle ; the remainder will be the other inter- 
nal opposite one, thus; 

CBD 55"~A 3r=ACB 18" 

Therefore in the triangle ABC«^ we have the 
angles A, and ACB, with the side AB given to 
find BC. 
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Plate V. fig. 23. 

S.ACB : AB : : S.A : EC. 
18' 87 .37' 169.4 

Having found EC, we have in the triangle BCD; 
the angle CED 55*, consequently BCD 35°, and 
BC 169.4 ; to find DC. 

This is performed by case the first, of right-an- 
gled trigonometry, three several ways ; thus; 

1. R : EC : : S. CED : DC. 

90« 169.4 55* 138.8 
The height required. 

2. Sec. CED : EC : : T. CED : DC. 

55' 169.4 55* 138.8. 

The height required. 

3. Sec. BCD : BC : : R : CD. 

35* 1694 90* 138.8 
The height required. 

» 

If BD, the breadth of the moat, were requir- 
ed, it may also be found, by three diiSerent stat- 
ings ; as in the first case of right-angled plane tri- 
gonometry. 

PROBLEM VL 

Plate VI. fig. 24. 

Let BC, a may-pole, whose height is 100 feet, be 
broken at D ; the upper part of which, DC, falls 
upon an horizontal plane, so that its extremity, C, 
is 34 feet from the bottom or foot of the pole. 

Required, the segments BD and DC. 
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i 
Geometrically. 

Lay 34 feet from A to B ; on B erect the per- 
pendicular BC of 100 feet ; and draw AC ; bisect 
AC (by prob. 4. sect. 1.) with the perpendicular 
line, EF; and from D, where it cuts the perpendi- 
cular BC, draw AD, which will be the upper seg- 
ment ; and DB will be the lower. 

By cor. to lemma, preceding theo. 7. "sect. 
1. AD = DC; and (by the lemma) the angle 
C » CAD. 

In the triangle ABC, iind C as in case 6, of 
right-angled trigonometry, thus; 

1. BC : R : : AB : T. C = GAD. 

100 90* 34 18* 4? 

By theo. 4. sect. 1. The external angle 
ABE) = 37* 34' or to twice the angle C, i. e. to 
C and GAD. 

Then in the triangle ABD, there is ABD 37* 34' 
therefore also its complement DAB 52* 26' and 
AB 34, given, to find AD and BD. 



By the second case of rectangular trigono- 
metry. 

2. S. APB : AB : : R : AD or DC. 
,37* 34' 34. 90* 55.77 

BC^DC=BD. 

100— ^5.773i:;i44.23 required. 
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These may be had from other statiDgs» at i|X tlM 
second case aforesaid. 



PROBLEM Vn* 

To take the altitude of a perpendicular object on 
a hilly from a plane beneath it. 

Plate V. fig. 25. 

This is done at two stations, thus ; 

Let the height DC, of a wind-mill on a hill be 
required. 

From any part of the plane whence the foot of 
the object can be seen, let angles be taken to the 
foot and top ; measure thence any convenient dis- 
tance towards the object, and at the end thereof 
take another angle to the top : and you have the 
proper requisites, thus : 

First station. i%igle to the foot DAB 21* OO 
Angle to the top CAB 35 00 
Stationary distance AB 104 feet. 

Second station Angle to the top 48* 30'. 

DC required. 

Si^ Geometrically. 



^; 



On an infinite blank line, lay the statioiiiary 
distance AB 104 feet; from A, set off the second 
and fi'om B, the third given angle ; and from the 
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Plate V. fig. 25 

intersecting point C of the line formed by them^ 
let fall the perpendicular CE; from A set off 
the first angle, and the line formed by it will deter- 
mme the point D. Thus we have the height of the 
hill, as well as that of the wind-mill. 



The angle CBE — ^A=ACB, as in the last prob. 
In the triangle ABC, find AC thus. 



S ACB : AB : : S. ACB (or sup. of CBE) : AC 
13" S(y : 104 : : 131^ 3(y : 333.6 



The angle CAE^DAE=CAD. 

The angle ACD=AED+EAD3 by theo. 4. 

In the triangle CAD, fmd CD thus, 

S. ADC : AC : : S. CAD : DC 

1 1 r : 333.6 :: 14 : 86.46 required. 




CE, BE, or DE, may be found by other various 
dtatings, as set forth in the first and second cases of 
rectangular trigonometry. 
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Plate V. fig. 26. 

PROBLEM VIII. 



To find the length of an object, that stands oblique- 
ly on the top of a hilly from a plane benealti. 



Let CD be a tree whose length is required. 

This is done at two stations. 

Make a statidn at B, from whence take an angle 
to the foot, and another to the top of the tree ; 
measure any convenient distance backward to A, 
from whence also let an angle be taken to the foot, 
and another to the top ; and you have the requi- 
sites given. Thus, 

First station. Angle to the foot EBD=36'. 3(y. 
Angle ta the top EBC=44^ SCK. 
Stationary distance AB=104 feet. 

Second station. Angle to the foot EAI>=94^. 30'. 
Angle to the top EAC=32*. 00'. 

Let DC and DE be required. 

The geometrical constructions of this and th« 
next problem are omitted ^ as what has been alrea- 
dy said, and the figures are looked upon as sufii^ 
cient helps. 

EBC— A=ACB, or 44*. 30'— 32*»«12^ SOf, 
as before. 
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Plate V. fig. 26. 
In the triangle ABC, find BC. Thus, 

1. S.ACB: AB::S. A:BC. 

12' SO 104 32' 254.7. 

EBD— EAD=sADB, or 36* Scy— 24" 30'a=J2» 00' 
In the triangle ADB, find DB, thus ; 

2. S. ADB : AB : : S. DAB : DB. 

12*00' 104 24'. 30'. 207-4. 

CBE— bBEp=CBD, or 44* SO'-nSC" SO'=S« 00' 

In the triangle CBD there is given, CB 254.7, 
DB 207.4, and the angle OBD 8» 00' ; to find DC, 

This is performed as case 3. of oblique angular 
trigonometry, thus; 

3. BC+BD : BC— BD : : T. of i BDC+BCD : 

462.1. 47.3 86^.00' 

T. of iBDC— BCD. 
55\ 40'. 
86».00'+55». 40'=l4r. 40'=BDC. 
86'. 00'— 55°. 40'=30'. 20'=BCD. 

' 4. S. BCD : BD : : S. CBD : DC. 

30».20' 207.4 8' 00' 57.15 length of 
the tree. 

To find DE in the triangle DBE. 

♦ 
Say R. : BD : : S. DBE : DE, r 

90". 207.4 36*. 30* 1,23.4 height of the 
hill. 
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PROBLEM IX. 



To find the height of an inaccessible object CD^ on 
a hill BCy from ground that is not horizontal. 

mate VI. Fig. 1. 

From any two points,- as G and A, whose dis- 
tance GA, is measured, and thei-efore given ; Jet 
the angles HGD, BAD, BAG, and EAG, be taken; 
because GH is parallel to EA (by part 2. theo. 3. 
sect, 1.) the angle MGA=£EAG; therefore EAG 
+HGE^AGD: and (by cor. 1. theo. 1. sect. 1.) 
180— the sum of EAG and BAD=GAD : and, 
(by cor. 1, theo. 5. sect. 1.) 180— *the sum of the 
angles AGD and GAD=GDA : thus we have the 
angles of the triangle AGD, and the side AG 
•.^iven; thence (by case 2, of obi. trig.) AD may 
^%e easily found. The angle DAB— CAB=DAC, 
and 90*— BAD = ADC; and 180*— th^ sum of 
DAC and ADC=ACD : so have we the several 
angles of the triangle ACD given, and the side 
AD ; whence (by case 2. of obi. trig.) CD may be 
easily found. We may also find AC, which with 
the angle BAC, will give CB the height of the 
hiU. 

The solutions of the several problems in heights 
and distances, by Gunter's scale, are omitted ; be- 
cause every particular stating has been already 
shewn by it, in the rectangular and oblique angi:i- 
lar trigonometry. 
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ANY of the instraments used in surve3rii:^, 
will give you the angles or bearings of lines; 
which will be particularly shewn, when we come 
to treat of them. 



PROBLEM I. 

Plate VI. fig. 2. 

Let A and B hti two houses on one side of a 
river, whose distance asunder is 293 perches v 
there is a tower at C on the other side of the 
river, that makes an angle at A, with the line 
AB o{ 53"* 2(y; and another at B, with the line 
BA of 66° 20': required the distance of the tower 
from each house, viz. AC and BC. 

This is performed as case 2. of oblique angular 
trigonometry thus ; 

L S. C : AB : : S. A : BC. 

60* 2(y 293 53^20' 270.5 

2. S. G : AB : : S. B : AC. 

60^ 20' 293 66*^20' 308.8 
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PROBLEM 11. 



Plate VI. %11. 

Let B and C, be two houses whose direct dis- 
tance asunder, BC, is inaccessible: however it is 
known that a house at A is 252 perches from B, 
and 230 from C ; and that the angle BAG, is found 
to be 70". What is the distance BC, between the 
two houses ? 

This is performed as case 3. of oblique angular 
trigonometry, thus; 

1. AB + AC : AB— AC : : T. of i C + B: 

482 22 55'. 00' . 

T. of i C— B 

3' 44' 

65<'+3\ 44' = 58». 44'=-C 55»-^". U'l^Sl'. 
16'=B. 

2. S. C. : AB : : S. A : BC. 

58'. 44' 252 70* 277. 



PROBLEM IIL 

Plate VL fig. 3. 

* 

Suppose ABC a triangular piece of ground, 
which by an old survey we find to be thus : AB 
260, AC 160, BC 150 perches the mearing lines 
AC and BC, are destroyed br plowed down, and 
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the line AB, only remaining. What angles must 
be set off at A and B, t& run- new mearings by 
exactly where the old ones were ? 

This is performed as in case 4. of oblique angled 
trigonometry, tbusi 

1 AB : AC + BC : : AC— BC : AD—DB- 
260 310 10 11.9* 

130+5.96=135.96-»AD. 
130— 5.96=124.04=DB. 

2. AD : R : : AC : Sec. A. 
136 90' 160 3r. 47. 

3 BC : S. A : : AC : S. B. 

150 31*. 47' 160 34*10'. 



PROBLEM IV. 



Plate VI. fig. 4. 

Let D and C, be two trees in a bog, to which 
you can have no nearer access than at A and B : 
there is given DAB 100*, CAB 36°. 30', CBA 
12]». DBA 49*, and the line AB 113 perches. 
Required, the distances of the trees DC. 

180*— the sum of DBA and DAB=sADH«31*. 
180°— the sum of CAB andCBA=ACB=22. 30. 

tti the triangle ABD, find DB, thus ; 

1. S. ADB : AB : : S. DAB : DB. 

31' 113 lOO* 216. 
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And in t!hie triangle ABC, SadBC tfaos, • 

*. S. ACfi : AB :-: S. CAB : B€. 

22" 30* 113 36»30' 175.6. 

In the triangle DBC» you haw DBC=A^C~. 
ABDsrT^* ; likewise the sides BD, JBC, as betqre 
found, given to find DC. 

3. BD+BC : BD— BC : : T. of | DCB+CDB : 

391.6 40.4 54" ' 

T. of i DCB— CDB. 

8" 05'. ; 

54*+ 8" 05' = 6r 05* = DCB." 
54»— 8» 05' = 45' 55' ^ CDB. 

4. S. CDB : BC : : S. DBC : DC 
45»55' 175.6 72* 232.5 



LEMMA. 



ttate VI. fig, 12 



If from a point C,of a triangle ABC, inscribed 
in a circle, there be a perpendicular QD, let fall 
upon the opposite side AB ; that perpendicular is^^ 
to one of the sides, including the angle, as the other "■ 
side, including the angle, is to the diameter of the 
circle, i. e. DC : AC : : CB : CE. 

Let the diameter CE be drawn and join £B ; 
it is plain the angle CEB = CAB (by cor. 2. theo. 
7- sect. 1.) and CBE is a right angle (by cor. 5. 
theo. 7. sec. I.) and «« ADC: whence ECB = 
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ACD. The triangles CEB, CAD, are therefore 
mutually equiangular, and (by theo. 16. sect. 1.) 
DC : AC : : CB : CE, or DC : CB : : AC : CE. 
Q.KD. 

PROBLEM V. 

Plate VI. fi^. 5. 

I-et -^ree gentlemen's seats. A, B, C, be situate 
in a triangular form : there is given, AB 2.5 miles, 
AC 2.3, and BC 2. It is required to build a 
church at E, that shall be. equi-distant from the 
seats A, B, C. What distance must it be from 
each- seat, andljy what angle may the place of it 
be found ? 

Geometrically. 

r 

By prob. 15. sect. 1. Find the centre of a cir- 
cle that will pass through the points A, B, C : 
and that will be the place of th« church ; the mea- 
sure of which, to any of these points, is the answer 
for the distance : draw a line from any of the •three 
points to the centre, and the angle it makes with 
either of the sides that contain the angle it was 
drawn to ; that angle laid off by the direction of an 
instrument, on the ground, and the distance before 
found, being ranged thereon, will give the place of 
the church required. 

By Calculation. 

1 ; AB : AC + BC : : AC— BC : AD— DB. 
fi.5 4.3 .3 .516 

1.25 + .258«L568=AD. 
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By cor. 2- theo. 14. sect. 1. The square toot 
of the difference of the squares of the bypothenuse 
AC, and given leg AD, will give DC. 

i. e, 5.21^^2.274064=3.015936. 

Its square root is 1.736=CD. 

Then by the preceding lemma, 

2. CD : AC : : CB : the diameter. 
1.736 2.3 2 2.65 



the half of which, viz. 1 .325 is the semi-diameter^ 
or distance of the church from each seat, that is, 
AE. CE. BE. 

From the centre E let fall a perpendicular upon 
any of the sides, as EF, and it will bisect in E : 
(by theo. 8. sect. 1.) 

Wherefore, AF=CF=^ AC=L15. 

In the right angled triangle AFE, you have 
AF 1.15, and AE the radius 1.325 given, to find 
FAE, thusi 

3. AF : R. : : AE : Sec. FAE. 
1.15 90 1.325 29*47' 

Wherefore directing an instrument to m^ke an 
angle of 29* 47', with the line AC ; and measur- 
ing 1.325 on that line of directipn, will give the 
place of the church, or the centre of a circle that 
,will pass through, A, B, and C. 
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Tt^ albove angle jFAE^ m^y he had without a 
fiecaat,. »as before^ thus : 

AE : R. : : AF : S. AEF. 

IMS 90** 115 60^ IS' 

' Its complement 29*. 47, will give FAE, as be- 
fore. 

# 

.' The questions that tnay be proposeci on this 
head, being innumerable, we have chosen to give 
only a ^w of the most useful. 



SECTION III. 



Containing a particular description of the several 
Instruments used in surveyings with their re- 
spective uses. Andfirsty 



OF THE CHAIN. 



THE stationary distance, or mearings of ground, 
are measured either by Mr. Gunter's chain 
of four poles or perches, which consist of 100 
links ; (and this is the most natural division) or 
by one of 50 links, which contains two poles or 
perches: but because the length of a perch differs 
in many places, therefore the length of chains and 
their respective links will differ also. 

The English statute-perch is 5h yards, the two- 
pole chain is 11 y^rds, and the four-pole one is 22 
yards ; hence the length of a link in a statute-chain 
is 7.92 inches. 

There are other perches used in different parts of 
England, as the perch of woodland measure, which 
is 6 yards; that oi church-land measure, which is 7 
yards (or the same with the plantation perch) and 
the forest measure perch which is 8 yards. 
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The Irish or plantation perchy is 7 yards, as be- 
fore; the two-pole chain is 14; and the four-pole 
one is 28 yards : hence the length of a link in a 
plantation chain is 10.08 inches. 

The Scotch perch is 18i feet, or 6i yards, or 6 
Scot's ells. In the shire of Cunningham in Scot- 
land, their 'perch is 1 8| feet, and this perch is used 
in some few places in the north part of this king- 
dom, as the statute perch is in some other parts. 

For the more ready reckoning the links of a 
four-pole chain, there is a large ring, or sometimes 
a round piece of brass fixed at every 10 links ; and 
at 50 links, or in the middle, there are two large 
rings. In such chains as have a brass piece at 
every 10 links, there is the figure 1 on the first piece, 
2 on the second, 3 on the third, &c. to 9. By lead- 
ing therefore that end of the chain forward, which 
has the least number next it, he who carries the 
hinder e^A may easily determine any nnmber of 
links : thus, if he has the brass piece number 8, 
next to him, and 6 links more in a distance, that 
distance is 86 links. After the same manner 10 
may be counted for every large ring of a^ chain 
which has not brass pieces on it ; and the number 
of links is thus readily determined, 

t 
The two-pole chain has a large ring at every 10 
links, and in its middle, or at 25 links, there are 
% large rings ; so that any number of links may be 
the more readily counted ofl*, as before. 

The surveyor should be careful to have his chain 
measured before he proceeds on business, for the 
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rings are apt to be open by frequent using it, and 
its length is thereby increased, so that no one can 
be too circumspect in this point. 

In measuring a stationary distance, there is an 
object fixed in the extreme point of the line to be 
measured ; this is a direction for the hinder chain- 
man to govern the foremost one by, in order that 
the distance may be measured in a right line ; for 
if the hinder ch^inman causes the other to cover the 
object, it is plain the foremost is then in a riglit 
line towards it. For this reason it is necessary to 
have a person that can be relied on, at the hinder 
end of the chain, in order to keep the foremost 
man in a right line ; and a surveyor who has no 
such person, should chain himself. The inaccuracies 
of most surveys arise from bad chaining, that is, 
from straying out of the right line, as well as from 
other omissions of the hinder chainman : no per- 
son, therefore, should be admitted at the hinder 
end of the chain, of whose abilities in this respect, 
the surveyor was not previously satisfied arid con- 
vinced ; since the success of the survey, in a great 
measure, depends on his care and skill. 

In setting out to measure any stationary dis- 
tance, the fore man of the chain carries with him 10 
iron pegs pointed, each about ten inches long ; and 
when he has stretched the chain to its full length, he 
at the extremity thereof sticks one of those pegs 
perpendicularly in the ground; and leaving it 
there, he draws on the chain till the hinder man 
checks him when he arrives at that peg; the 
chain being again stretched, the fore man sticks 
down another peg, and the hind man takes up the 
former; and thus they proceed at every chain's 
length contained in the line to be measured, 
counting the surplus links contained between the 
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last peg, and the object at the termination of the 
line^ as before : so that the number of pegs taken 
up by the* hinder chainman, expresses the number 
of chains ; to which, if the odd links be annexed, 
the distance line required in chains and links is ob- 
tained, which must be registered in the field book, 
as will hereafter be shewn. 

If the distance exceeds 10, 20, 30, S(c. chains, 
when the lcader*s pegs are all exhausted, the hind- 
er chainman, at the extremity of the 10 chains, 
delivers him all the pegs ; from whence they pro- 
ceed to measiire as before, till the leader's pegs 
are again exhausted, and the hinder chainman at 
the extremity of these 10 chains again delivers 
him the pegs ; from whence they proceed to mea- 
sure the whole distance line in the like manner ; 
then it is plain, that the number of pegs the hind- 
er chainman has^ being added to 10, if he had 
delivered all the pegs once to the leader, or to 20 if 
twice ; or to 30 if thrice, &c, will give the number 
of chains in that distance; to which if the surplus 
links be added, the length of the stationary dis- 
tance is known in chains and links. 

It is customary, and ii^eed necessary, to have 
red, or other colored cloth tixed to the top of each 
peg, that the hinder man at the chain may tlie 
more readily find them ; otherwise, in chaining 
through corn, high grass, briars, rushes, potatoes, 
&c. it would be extremely difficult to find the pegs 
which the leader puts down : by this means r^o 
time is lost, which otherwise must be, if no cloths 
are fixed to the pegs, as before. 

It will be necessary here to observe, that all sladt, 
or inclined surfaces, as sides of hills, w^ mes^mred 
horizontally, and not on the plaae: or surface of 
the hill, and is thus effected. 



OF THE CHAIN. 141 

Plate VJII. fig. 4/ 

Let ABC be a hillj the bipdmost chainmao i$ 
to hoW the end of the cb^in perpendicularly over 
the point A (wliich he caa the better, effect with a 
plummet and line, than by letting a stone drop, 
which is the most usual) as d is oyer A, while the 
leader puts down his peg at e : the eye can direct 
the horizontal position near enough, but if greater 
accuracy were required, a quadrant applied to the 
chain would settle that. In the same manner the 
test may be chained up and down; but in going 
down it is plain the leader of the chain must hold 
up the end thereof, and the plummet thence sus^ 
pended, will mark the point where he is to stick his 
peg. The figure is sufficient to render the whole 
evident ; and to shew that the sum of the chains 
will be the horizontal measure of the base of the 
hill ; for des^Aoy fgssop, hirsspq, &c. therefore 
de^fg^hi, &c. —Ao^op + pq, &c. sAC, the 
base of the hill. If a whole chain cannot be carried 
horizontally, half a one, or less, may, and the sum of 
these half chainS| or links, will give the base, as 
before. 

' If the inclined side of the hill be the plain surface, 
the angle of the hill's inclination may be taken, 
and the slant height may be measured on the sur- 
fece; and thence (by case If of right-angled trigo- 
nometry) the horizontal line answering to the top, 
may be found ; and if we have the angle of inclina- 
tion given on the other side, with those already 
given ; we can find the horizontial distance across 
the bill, by case £. of oblique trigonometry. 

All inclined surfaces are considered as horizontal 
ones ; for all trees which grow upon any inclined 
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surface, do not grow perpendicular thereto, but to 
the plane of the horizon : thus if Arf, ef^ gh, &c. 
were trees on the side of a hill> they grow per- 
pendicular to the horizontal base AC, and not to 
the surface AB : hence the base will be capable to 
contain as many trees as are on the surface of the 
hill, which is manifest from the continuation of 
them thereto. And this is the reason that the area 
of the base of s^ hill, is considered to be equal in 
value to the hill itself. 

Besides, the irregularities of the surfaces of hills 
in general are such, that they would be found im- 
possible to be determined by the most able mathe- 
maticians. Certain regular curve surfaces have 
been investigated with no small pains, by the most ^ 
eminent ; therefore an attempt to detergnine in ge- 
neral the infinity or irregular surfaces which offer 
themselves to our view, to any degree of certainty, 
would be idle and ridiculous, and for this reasoi^ 
also, the horizontal area is only attempted. 

Again, if the circumjacent lands of a hill be 
planned or mapped, it is evident we shall have a plan 
of the hilFs base in the middle : but were it possible 
to put the hill's surface in lieu thereof it would ex- 
tend itself into the circumjacent lands,,, and render 
the whole an heap of,confusion : so that if the sur- 
faces of hills could be determined, no more than the 
base could be mapped. 

Roads are usually measured by a wheel for that 
purpose, to which there is fixed a machine, at the 
end whereof there is a spring, which is struck 
hy a peg in the wheel, once in every rotation ; by 
this means the number of rotations is known 
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if such a wheel, were 3 feet 4 inches in diameter5 
one rotation would be lOi feef, which is half a 
plantation perch ; and because 320 perches make a 
mile, therefore 640 rotations will be a mile afso; 
and the machinery is so contrived, that by means 
of a hand, which is carried round by the work, it 
points out the miles, quarters, and perches, or 
»<K)metimes the miles, furlongs, and perchies. 

Or^ roads may be measured by a cham more 
accurately: for 80 four-pole, 1 6o two-pole chains, 
or 320 perches, make a mile as before : and if 
roads are measured by a statute chain, it will 
give you the miles English, but if by a planta- 
tion chain, the miles will be Irish. Hence an Eng- 
lish mile contains 1760, and an Irish mile 2240 
yards; and because 14 half hards is an Irish, and 
11 half yards is an English perch, therefore 11 
Irish perches, or Irish miles, are equal to 14 En- 
glish ones. 

Since some surveys are taken by a four-pole, 
and others by a two-pole chain; and as ground 
for houses is measured by feet, we will shew how 
to reduce one to the other, in the following pro-' 
blems. 



PROBLEM I. 



To reduce two-pole chains and links io four- 
pole ones. 

li the number of chains be even, the half of 
them will be the four-pole ones, to which annex 
the links given, thus, 
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^ . Ch. L. 

1. In 16* 37 of twoj-pole chains, how many 
foUr-pole ones ? 

Ch« L* ^ 

Answer 8. 37. 



But if the number of chains be odd, take the 
half of them for chains, and add 50 to the links, 
and they will be four-pole chains and links, thus, 

Ch. L. 

2. In 17. 42 of two-pole chains, how many. 
four-pole ones ? 

Ch. L. 
Answer 8. 92. 



PROBLEM II. 



To reduce four-pole chains and links, to two^ 
pole ones. 

Double the chains, to which annex the links,, if 
they be less than 50 ; but if they exceed 50, dou- 
ble the chains, add one to them, and take 50 from 
the links and the remainder will be the links, 
thus, 

Ch. L. 

1. In 8. 37 of four-pole chains, how many 
2 two-pole ones ? 

16 37 
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Cli* h* 



$. In 8. 83 of four-pole chainSi how ttanjf 
S< ^0 two-pole ones ? 

17. 32 Answer. 



PROBLEM m. 

To reduce four-pole chains and tin1cs\ to perches^ 
and decimals of a perch. 

The Tinks o^ a four-pole chain are decimal parts 
of it, each link before the hundredth part of a 
chain ^ therefore if the chain and links be multi- 
plied by 4 (for 4 perches are a chain) the product 
will be the perches and decimal parts of a perch. 
Thus, 

Ch. t. 

How many perches in 13. 64 of four-pole chains. 

4 



Answer 54. 56 perchds. 



PROBLEM IV. 

To reduce two-pole chains and lifiliS^ to perches 
and decimals of a perch. 

They may be reduced to four-pole ones (by 
prob. 1.) and thence to perches and decimals (by 
the last.) or. 

If 
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If the links be multiplied by 4, carrying one to 
thecha'ns, w hen the links are, or exceed 25 j and 
the chains by 2, adding one, if occasion be : the 
product will be perches, and decimals of a perch. 
Thus, 

Ch. L. 

1. In 17. 21 of two-pole chains, how many 
2. 4 perches? 



Answer, 34. S4. perchei?. 



Ch. L. 

2. In 15. 38 of two-pole chains^ hone many 
2. 4 perches ? 

Answer, 31. 52 perches. 



PROBLEM V. 

To reduce percheSy and decimals of a perch, to 
four-pole chains and links. 

Divide by 4, so as to have two decimal places in 
the quotient, and that will be tour-pole chains and 
links. Thus, 

In 31. 52 perches, how many four-pole chains 
and links? 

Ch. L. 

4)31.52(7, «8 JV»sw<er. i 

S5 
32 
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PROBLEM VI. 



To reduce perches and decimals of a perch, to 
two-pole chains and links. 

The perches may be reduced to four-pole chain$ 
(by the lasr) and from thence to two-pole chains 
(by prob. 2.) or. 

Divide the whole number by 2, the quotient 
will be chains ; to the remainder annex the given 
decimals, and divide by A, the last quotient wilL 
be the links. Tnus, 

In 31.52 perches^ how many two-pole chains 
and links ? 

Cfa. L. 
2)31.52(15 38 Answer. 

11 



4)152(3« 
32 . 



PROBLEM Vn. 

To reduce chains and links, to feet and decimal- 
parts of afoot. 

If they be two-pole chains, reduce them to 
four-pole ones : (by prob. 1.) these being multi- 
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plied by the feet in a four-pole chain, will give the 
feet and decimals of a foot. Thus, 

ch. L. : ^ '■ 

In 17. 21. of two-pole chains, how many feet ? 
Ch. L. 

§. 71 of four-fpole db^ins. 
66 fe(fi=^l 4?h{p;ip. 



5996. Fe«t 
&nQ Answer ^^74. 


vol 


Feet 574.86 
12 




Ihobes 10.^9 

4- ^ 




1.98 





PROBLEM Vm. ' 



To reduce feet and inches to chains and links. 

Reduce the inches to the decimal ef a foot, and 
annex that to the feet ; that divided by the feet 
in a four-pole chain, will give the four-pole chains 
and links in the quotient : these may be reduced 
to two-pole chain§ 9^4 Uflk?* if required, by prob. 
2. Thus, 

Feet. Inches. 

l^ g 1 7. 9 how ms^ny two-pole cha^insi ? 
. l!i5)9.6o.(75 th<^ 4eciw^ of 9 inches. 

60 
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€6)917.7^(3. 29 of Ibttr-pole chaina» or 

197 

655 6. 2^, 



6J 



HOW TO TAKE A SURVEY BY THE 
CHAIN ONLY. 

PROBLEM L 

Ta survey a piece of ground j by going round it, 
and the method of taking the angles of the 
afield, by the chain only. 

Plate VL fig. 6. 

Let ABCDEFG be a piece of ground to be 
.^rveyed : beginniiig at the point A, let one 
chain be hid in a dirqct line from A, towards 6^ 
where let a peg be left, as at c ; and again, the like 
distance from A in a direct Una towards B, where 
another peg is also to be left, as at d : let the dis- 
tance from rf to c be measured, and placed in the 
field-book, in the second column under the de- 
nomination of angles, in a line with station No. 1 ; 
and in the saipe lioe, under the title of distances, 
in the third column, kt the measure of the line 
AB in chains and links be inserted. Being now 
arrived at B, let one chain be laid in a direct line 
from B towards A, where let a peg be left, as 'at /, 
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and again, the like distance from B tn a direct line 
towards C, where let also another peg be left, as at 
e ; the distance from e^ to / is to be inserted in the 
field-book in the second column, under angles, 
in a line with station No. 2 ; and in the same line, 
under the title of distances in the third column, 
let the measure of the line BC, iri chains and links, 
be inserted: after the same manner we may proceed 
from C to D, and thence to E ; but because the an- 
gle at E, viz, FED, is an external angle, after 
having laid one chain from E to A, and to g^ the 
distance from ^ to A is measured, and inserted in 
the column of angle?, in the line with station No. 5. 
and on the side of the field-book against that sta- 
tion, we make an asterisk, thus *, or any other 
mark, td signify that to be an external angle, or 
one measured out of the ground. Proceed we 
then as before, from E to F, to G and thence to A,- 
measuring the angles and distances, and placing 
them as before, in the field-book, opposite to their 
respective stations ; so will the field-book be com- 
pleted in manner following. 

N. B. After this manner tlie angles for inacces- 
sible distances may be taken, and the method of 
constructing or laying them down, as well as the 
construction of the map, from the following field 
notes, must be obvious from the method of taking 
thenu 

The form of ihe field-book ^ with the title. 

A field-book of part of theiand of Grange, in the 
parish of Portmarnock, barony of Coolock, and 
county of Dublin ; being part of the estate of 
L. P. Esq. let to C. D. farmer. Surveyed Janu- 
ary} 30, 1782. 
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Taken by a four pole chain. 



Remarks. 


No. 
Station. 


Angle*. 
Ch. L. 


Disuncei. 
Ch. L. 


Mr. J.. D's part of Grange 


1 


1.80 


17.65 




2 


1.79 


18.50 


Mr/L. Fs part of Portmar- 


3 


1.76 


28.00 


nock strand 


4 


1.4 li 


20.00 


* 


5 


1.87i 


14.83 


Widow J. G's part of Grange 


6 


].14 


19.41 




7 


1.89 


24.53 




Close at the first station. 



• The signification of the remarks. 

Mr. J. D's part of Grange bounds, or is adjacent 
to the surveyed land from the first to the third sta- 
tion ; Mr. L. P*s part of Portmarnock bounds it 
from the third to the fourth station ; the strand then 
is the boundary from thence to the sixth, and from 
the sixth to the first station, the widow J. G*s part 
of Grange is the boundary. 

It is absolutely necessary to insert the persons' 
names, and town-lands, strands, rivers, bogs, ri- 
vulets, &c. which bound or circumscribe the land 
which is surveyed, for these must be expressed in 
the map. 

In a survey of a town-land, or estate, it is 
sufficient to mention only the circumjacent town- 
lands, without the occupiers* names; but when a 
part only of a town-land is surveyed, then it is 
necessary to insert the person or persons's names. 
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wha hold any particular parcel or parcels, of such 
town land, as bound the parts surveyed. 

When an angle is very obtuse, as most in our 
present figure, are, viz. the angles at A, B, C,^ 
E, and G ; it will be best to lay a chain from the 
angular point as at A. on each of the containing 
sides to c and to ds and any where nearly in the 
middle of the aogle as at ^ : measuring thQ distances 
ce and ed; and these may be placed for the angle 
in the field-book. Thus, 

Ko* Sta. Angle. 

Ch. L. Ch. L. 

For when an angle is very obtuse, the chord 
line, as ed, will be nearly equal to the radii Ac 
and Arf,- so if the arc ced be swept, and the chord 
line ed be laid on it, it will be difficult to determine 
exactly that point in the arc where ed cuts it: 
but if the angle be taken in two parts, as ce the 
arc, and the angle thence may be truly determined 
and constructed. 

Afi;er the same manner any piece of grouiid flaflff 
be surveyed by a two-pole chain. 



PROBLEM II. 



To take a survey of a piece of ground from antf 
point within it, from whence all the angles CUH 
be seen ; by the chain only. 
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Plate VJ. fig. .6. 



Let a mark be fixed at any point in the ground,, 
as at H, fi'om whence all the angles can be seen ; 
let the measures of the lines HA, HB, HC, &€• 
be taken to every angle of the field from the point 
H ; and let those be placed opposite to No- 1, 2, 
3> 4, 8(c.' in the second column of the radii ; the 
measures of the respective lines of the mearing, 
viz. AB, BC, CD, DE, &c. being placed in the 
third column of distances, will complete the field- 
book. Thus, 



Remarks. 



No. 



Radii 
Ch.L. 



Dist. 
Ch. L. 



20.00 
21.72 
21.74 
25.34 
17.20 
29.62 
21.20 



17.65 
18.50 
28.00 
20.00 
14.83 
19.41 
i24.53 



Close at the first station. 



If any line of the field be inaccessible, as sup- 
pose CD to be, then by way of proof that the 
distance CD is true, let the measure of the angle 
CHD be taken by the line ooy with the chain : if 
this angle corresponds with its containing sides, the 
length of the line DC is truly obtained, and the 
whole work is truly taken. 

Note. That in setting off an angle it is neces- 
sary to use the largest scale of equal parts, viz. 
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that of the inch, which is diagonally divided into 
] 00 parts, in order that the angle should be ac- 
curately laid down ; or if two inches were thus 
divided for angles, it would be the more exact ; 
for it is by no means necessary that the angles 
should be laid from the said scale with the station- 
ary distances. 



PROBLEM III. 



To take a survey by the chain only, when all the 
angles cannot be seen from one point within. 

Plate VI. fig. 7. 

Let the ground to be surveyed be represented by 
I, 2, 3, 4, STc. Since; all the angles cannot be seen 
from one point, let us assume 3 points, as A, B, C, 
from whence they may be seen ; at each of which 
let a mark be put, and the respective sides of the 
triangle be measured and set down in the field- 
book 'y let the distance from A to 1, and from B 
to 1, be measured, and these will determine the 
point 1 1 let the other lines which flow from A, B, 
C, as well as the circuit of the ground, be then 
measured as the figure directs 3 and thence the 
map may be easily constructed. 

There are other methods which' may be used ; 
as dividing the ground into triangles, and mea- 
suring the 3 sides of each ; or by measuring the 
base and perpendicular of each triangle. But this 
we shall speak of hereafter. 
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* PROBLEM IV. 

How to. take any inaccessible distance by the chain 

only. 

Plate Vni. fig. 8. 

Suppose AB to be the breadth of a river, or any 
other inaccessible distance, which may be required. 

Let a staff or any other object be set at B, 
draw yourself backward to any convenient distance 
C, so that B may cover A: from B, lay off any 
other distance by the river's side to E, and com- 
plete the parallelogram EBCD : stand at D, and 
cause a mark to be set at F, in the direction of 
A ; measure the distance in links from E to F, 
and FB will be also given. Wherefore, EF : ED 
: : FB : AB. Since it is plain (from part 2. theo, 
S. sect, l.andtheo. 2. sect. 1.) the triangles EFD, 
BFA, are mutually equiangular. 

If part of the chain be drawn- from B to C, and 
the other part from B to E; and if the, ends at E 
and C be kept fast, it will be easy to turn the chain 
over to D, so as to complete a parallelogram : by 
reckoning off the same number of links you had 
in BC, from E to D, and pulling each part straight. 






OF THE 



CIRCUMFERENTOR. 



THIS instrument is composed of a brass cir- 
cular box^ about five or six inches in diame* 
ter ; within which is a brass ring, divided on the 
top into 360 degrees, and numbered 10, 20, 30> 
8(c. to 360 : in the centre of the box is fixed a 
steel pin finely pointed, called a centre-pin, on. 
which is placed a needle touched by a loadstone, 
which always retains the same situation ; that is, it 
always points to the North find South points of the 
horizon nearly, when the instrument is horizontal, 
and the needle at rest. 

The box is covered with ja, glass lid, in a brass 
rim, to prevent the needle being disturbed by 
wind or rain, at the time of surveying: there 
is also a brass lid or cover, which is laid over 
the fonher to preserve the glass in carrying the in- 
strument. 

This box is fixed by screws, to a brass index, 
or ruler, of about 14 or 15 inches in length, to 
the ends whereof are fixed brass sights, which are 
screwed to the index, and stand perpendicular 
thereto : in each sight is a large and a small aper- 
ture, or slit, one over the other; but these ar 
changed, that is if the large aperture be uppermos 
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in the one sight, it will be lowest in another, and 
so of the small ones : therefore the small aperture 
in one is opposite to the large one in the other ; in 
the middle of which last there is placed a horse hair, 
or fine silk thread. 

The instrument is then fixed on a ball and sock- 
et ; by the help of which and a screw, you can rea- 
dily fix it horizontally in any given direction ; the 
socket being fixed on the head of a three-legged 
staff, whose legs when extended, support the instru- 
ment whilst it is used. 

How to take field notes by the circumferentor. 

Plate VI. fig. 6. 

I-iCt your instrument be fixed at any angle, as A, 
your first station ; and let a person stand at the 
next angle B, or cause a staff, with a white sheet, 
to be set there perpendicularly for an object to take 
your view to : then having placed your instrument 
horizontally (which is easily done by turning the 
box so that the ends of. the needle may be equi- 
distant from its bottom, and it traverses or plays 
freely) turn the flower-de-luce, or north part of the 
box, to your eye, and looking through the small 
aperture, turn the index about, till you cut the per- 
son or object in the next angle B, with the horse 
hair, or thread of the opposite sight : the degrees 
then cut by the south end of the needle, will give 
the number to be placed in the second column of 
your field-book in a line with station No. 1, and 
expresses the number of degrees, the stationary line 
is from the north, counting quite round with the 
sun. 
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Most needles are pointed at the south end, and 
have a small ring at the north: such needles are bet- 
ter than those which are pointed at each end, be- 
cause the surveyor cannot mistake by counting to 
a wrong end ; which error may be frequently com- 
mitted in using a two-pointed needle. 

Two-pointed needles have sometimes a ring, 
but more usually a cross towards the north end : 
and the south end is generally bearded towards its 
extremity, and sometimes not, but its arm is a na- 
ked right line from the cap at the centre. 

Having taken the degrees or bearing of the 
first stationary line AB, let the line be measured, 
and the length thereof in chains and links be in- 
serted in ther third column of your field-book, un- 
der the title of distances, opposite to station No. L 

• 

It is customary, and even necessary, to cause a 
sod to be dug up at each station, or place where 
you fix the instrument: to the end, that if any 
error should arise in the field-book, it may be the 
more readily adjusted and* corrected, by trying over 
the former bearings and stationary distances. 

Having done with your first station, set the in- 
strument over the hole or spot where your object 
stood, as at B, for your second station, and send 
him forward to the next angle of the field, as at 
C : and having placed the instrument in an hori- 
zontal direction, with, the sights directed to the 
object at C, and the north of the box next your 
eye, count your degrees to the south end of the 
needle, which register in your field-book, in the 
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second column opposite to station No. 2^ then 
measure the stationary distance BC, which insert 
in the third column, and thus proceed from angle 
to angle, sending your object before you, till you 
return to the place where you began, and you 
will have the field-book complete ; observing al- 
ways to signify the parties names who hold the con- 
tiguous lands, and the names of the town-lands, 
rivers, roads, swamps, lakes, &c. that bound the 
land you survey, as before ; and this is the man^ 
ner of taking field-notes by what is called fore- 
sights. 



But the generality of mearsmen frequently set 
themselves in disadvantageous places, so as often to 
occasion two or more stations to be made, where 
one may do, which creates much trouble and loss 
of time : we will therefore shew how this may be 
remedied by taking back-sights, thus: let your 
object stand at the point where you begin your sur- 
vey, as at A ; leaving him there, proceed to your 
next angle B, where fix your instrument so, that 
you may have the longest view possible towards C. 
Having set the instrument in an horizontal position, 
turn the south part of the box next your eye, and 
liaviHg cut your object at A, reckon the degrees 
to the south point of the needle, which will be 
the same as if they were taken from the object 
to the instrument, the direction of the index being 
the same. Let the degree be inserted in the field- 
book, and the stationary distance be measured and 
annexed thereto in its proper column ; and thus 
proceed from station to station, leaving your ob- 
ject in the last point you left, till you return to 
the first station A. 



160 OF THE CIRCUMFERENTOR. 

By this method your stations are laid out to the 
best advantage, and two men may do the business 
of three, for one of those who chain, may be your 
object ', but in fore-sights you must have an object 
before you, besides two chairmen. . ^ 



It was said before, that a surveyor should have a 
person with him to carry the hinder end of the 
chain, on whom he can depend : this person should 
be expert and ready at taking ofF-sets, as well as ex- 
act in giving a faithful return of the length of every 
stationary line. One who has such a person, and 
uses back-sights, will be able to go over near dou- 
ble the ground he could at the same time, by 
taking fore-sights, because of overseeing the chain- 
ing; for should he take back-sights he must be 
obliged, after taking his degree, to go back to the 
foregoing station, to oversee the chaining, and by 
this means to walk three times over every line, 
which is a slavery not to be borne. 



Or a back and a. fore-sight may be taken at 
one station, thus ; with the south of the box to 
your eye, observe from B the object A, and set 
down the degree in your field-book, cut by the 
south end of the needle. Again from B observe 
an object at C, with the north of the box to your 
eye, and set down the degree cut by the south 
point of the needle, so have you the bearings of 
the lines AB and BC ; you may then set up your 
instrument at D, from whence take a back-sight 
to C, and a fore-sight to E; thus the bearings 
may be taken quite round, and the stationary dis- 
tances being annexed to them, will complete the 
field-book. 
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But in this last method, care must be taken to 
see that the sights have not the least cast on either 
side; if they have, it will destroy all: and yet with 
the same sights you may take a survey by fore- 
sights, or by back-sights, only, with as great 
truth as if the sights were ever so erect, provided 
the same cast continues without any alteration ; 
but upon the whole, back sights only viiU: be foupd 
the readiest method. 

If your needle be pointed at each end, in taking 
fore-sights, you may turn the north part of the 
box to your eye, and count your degrees to the 
south part of the needle, as before ; or you may 
turn the south of the box to 'your eye, and count 
your degrees to the north end of the needle. 

But in back-sights you may turn the north of the 
box to your eye, and count your degrees to the 
north point of the needle; or you may turn the 
south of the box to your eye, and count your de- 
grees to the south end of the needle. 

The brass ring in the box is divided on the side 
into 360 degrees, thus : from the north to the east 
into 90, from the north to the west into 90, from 
the south to the east into 90, and from the south to 
the west into 90 degrees ; so the degrees are num* 
bered from the north to the east or west, and from 
the south to the east or west. 

The manner of using this part of the instrument 
is this : having directed your sights to the object, 
whether fore or back, as before ; observe the two 
cardinal points of your compass, the point of the 
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needle lies fafetween (the north, south, east, and 
west being called the four cardinal points, ami' are 
graved on the bottom of the box) putting down 
those points together by their initial letters, and 
thereto annexing the number of degrees, counting 
from the north or south, as before, thus: if the 
point of your needle lies between the north and 
east, north and west, south and east, or south and 
west points m the bottom of the box, then put 
down NE, NW, SE, or SW, annexing thereto 
the number of degrees cut by the needle on the 
side of the ring, counting from the north or south, 
as before. 

But if the needle point exactly to the north, 
south, east, or west, you are then to write down 
N, S, E, or W, without annexing any degree. 

This is the manner of taking field notes, where- 
by the content x)f ground may be universally deter- 
mined by calculation ; and they are said to be 
taken by the quartered conipass, or by the four 
nineties. 



To find the number of degrees contained in any 
given angle. 



Set up your instrument at the angular pointy 
and thence direct the sights along each leg of the 
angle, and note down their respective bearings, as 
before ; the difference of these bearings, if less 
than 180, will be the quantity of degrees contain- 
ed in the given angle ; but if more, take it from 
360, and the remainder will be the degrees contain- 
led in the given angle. 



OF THE 

THEODOLITE. 

THIS instrument is a circle, commonly of brass, 
of ten or twelve inches in diameter, whose 
limb is divided into 360 degrees, and those again 
are subdivided into smaller parts as the magnitude 
of it will admit ; sometimes by equal divisions, and 
sometimes by diagonals, drawn from one concaatric 
circle of the limb to another. 

In the middle is fixed a circumferentor, with a 
needle ; but this is of little or ho use, except in find- 
ing a meridian line, or the proper situation of the 
land. 

Over the brass circle is a pair of sights, fixed to 
a moveable index, which turns on the centre of 
the instrument, and upon which the circumferen- 
tor box is placed. 

This instrument will either give the angles of 
the field, or the bearing of every stationary dis- 
tance line, from the meridian ; as the circumfereB- 
tor and quartered compass do. 

First then. To take the angles qf the Jield. 

Plate VI. fig. 6. 

Lay the ends of your index to 860, and 180; 
turn the whole about with the S60 from you ; direct 
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the sights from A to G, and screw the instrument 
fast; direct them from A, to cut the object at B ; 
the degree then cut by that end of the index 
which is opposite you, will be the quantity of the 
angle GAB, to place in your field-book; to which 
annex the measure of the line AB, in chains and 
links; set up your instrument at B, unscrew it, 
and lay the ends of your index to 360 and 180 ; 
turn the whole about with the 360 from yoarjMr* 
180 next you, till you cut the object at i^; 
screw the instrument fast, and direct your sigHts 
to the object at C, and the degree then cut, by that 
end of this index, which is opposite to you,, will be 
the quantity of the angle ABC. Thus proceed 
from station to station, still laying the index to 
360, turning it from you, and observing the ob- 
ject at the foregoing station, screwing the instru- 
ment fast, and observing the object at the follow- 
ing station, and co.unt^ing the degrees to the oppo* 
site end of the index, will give you the quantity of 
^ach respective angle. 



LEMMA. 



AIL the angles vf any polygon^ are equal to twice 

/as many right angles as there ape sides less b^ 

four. Thus all the angles A, B, C, D, JE, jP, G, 

are equal to twice as many right angles as there 

are sides in the^giire, less by four. 

Plate VI. fig. 6. 

Let the polygon be disposed into triangles, by 
lines drawn from any assigned point H within it, 
as by the lines HA, HB, HC, fiTc. It is evident 
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then (by theb. 2;-se(Ct. 1.) that the three angles 
of each triangle »e equal to two right ; and con- 
sequently", 'that th^ angles in all the triangles 
are twice 'als *inaTiy right ones as there are sides: 
but all tfce atngles about the point H, are equal 
to•fou^ right ;• (by cor. "Q. theo. 1. sect. 1.) there- 
fore the remaining angles are equal to twice as 
many right ones'a^ there are sides in the figure, 
abating four: 'Q. fe. D. 

--' '• ''/" SCHOLIUM- 

-•rHence we may know if the angles of a survey be 
truly taken; for/ if their- siim be equal to twice as 
many right angles, as there are stations, abating 
four right angles, you may conclude that the angles 
wefe truly taken, otherwise not. 

If you take the bearing of any line with the 
circumferentor, that bearing will be the number 
of degrees the line is from the north, consequent- 
ly tlie north must be a: like number of degrees 
from the line, and thus the north, and of course 
the south, as well as the east and west, or the situa- 
tion of ttie land, is obtained. 

Secondly, To take (he bearing of each respective 
line froyn the meridian ; or to perform the office 
of the circumferentor^ or quartered compass by the 
theodolite. 

Set your instrument at the first station, and lay 
the index to 360 and 180, with the flower-de-luce 
of the box next 360 : unscrew the instrument, 
and turn the whole about, till the north and south 
points of the needle cut the north and south points 
in the box ; then screw it fast, so is the instrument 
north and south, abstracted, of the variation. 
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The circumfei^ntor box majr be taken off. 

Direct the sights to the object :^t the second 
station, and the degree cut by the opposite end^ 
of the index will be the bearing of that Jine froiii 
the norths and the same that the circumferentor 
would give. 

After having measured tlie sot^tionary distance^ 
set up your instrument at the second station ; Un- 
screw it, and set either and of the index to the 
degree of the last line, and turning the whole 
about with that degree towards you, direct your 
sights to an object at the foregoing station, and 
screw the instrument fast ; it will then be parallel 
to its former situation, and consequently north and 
south ; direct then your sights to an object atakhe 
following station, and the degree cut by the op- 
posite end of the index, will be the bearing of tha^ 
line. 

In like manner you may proceed through the 

whole. 

If the brass circle be divided into four nineties, 
from 360 and 180, and the letters N, S, E, W, be 
applied to them; the bearings may be obtained 
by putting down the letters the far or opposite end 
of the index lies between, and annexing thereto 
the degrees from the N or S ; and this is tlie same 
as the quartered compass. 

If you keep the compass box on, to 5ee the mu- 
tual agreement of the two instruments ; after hav- 
ing fixed the theodolite north and south, as before ; 
turn the index About with the north end or flower* 
de-luce next your eye, and count the degrees to the 
opposite, or south end of the index and this will 
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correspond with the degree cut by the south end 
©f the needle. 

At the second, or next station, unscrew the in- 
strument, and set the ^outh of the index to the de* 
gree of the last station ; turn the whole about, with 
the south of the index to you, and cut the object 
at the foregoing station ; screw the instrument fast, 
and with the north of the index to you, cut the ob^ 
ject at the next following station, the degree then 
cut by the south of the index, will correspond with 
the degree cut by the south end of the needle, and 
so through the whde. 

Some theodolites have a standing pair of sights 
fixed at 360 and 180, besides those on the move- 
able index ; if you would use both, look through 
the standing sights, with the 180 next you, to an 
object at the foregoing station : screw the instru- 
ment fast, and direct the upper sights on the move- 
able index, to the object at the following station^ 
and the degree cut by the opposite end of the in- 
dex, will give you the quantity of the angle of the 
field- 
Two pair of sights can be of no use in finding 
the angles from the meridian ; and inasmuch as one 
pair is sufficient to find the angles of the field, the 
second can be of no use : besides, they obstruct 
the free motion of the moveable index, and there- 
fore are rather an incumbrance than of any real 
use. ^ome will have it, that they are useful with the 
others, for setting off a right angle, in taking an 
off-set. : and surely this is as easily performed by 
the one pair on the moveable index : thus, if yon 
lay the index to 360 and 180, and cut the object 
either in the last or following station, screw the in- 
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strument fast, and turn the index to 90 and Q70i^nd 
then it will be at right angles with the line. Sa 
that the small sights, at those of the circle, can be 
of no additional use to the instrument, and there- 
fore should be laid aside as useless. 

This instrument n^ay be used in windy and rainy 
weather, as well as in mountainous and hilly 
grouads; for it does not reqiiire ah horizontal posi- 
tion to find the bearing, or angle, as the needle 
doth ; and therefore is preferred to any instrument 
that is governed by the ne^edle. 



OF THE SEMICIRCLE. 



THIS instrument, as its name imports, is a half 
circle, divided from its diameter into 180 de- 
grees, and from thence again, that is, from 0, ta 
360 degrees : it is generally made of brass, and is 
from 8 to 18 inches in diam^eter. 

On the centre there is a moveable index with 
sights, on which is placed a circumferentor-box, as 
in the theodolite. ^ 

This instrument may be used as the theodolite 
in all respects ; but with this difference, when you 
are to reckon the degree to that end of the index 
which is off of the semicircle, you may find it at 
the other end, reckoning the degree from 180 for- 
wards. 



OF THE 

PLANE TABLE. 

* 

A PLANE TABLE is an, oblong of oak, or 
other wood, about 15 inches long, and 12 
broad, they are generally composed qf 3 boards^ 
which are easily taken asunder, or put together, 
for the convenience of carriage. 

There is a box frame, with 6 joints in it, to take 
off and put on as occasion serves ; it keeps the ta- 
ble together, and is likewise of use to keep down a 
sheet of paper which is put thereon. 

The outside of the frame is divided into inches 
and tenths, which serve for ruling parallels or 
squares on the paper, or for shifting it, when occa- 
sion serves. 

The inside of the frame is divided into 360 de- 
grees, which, though unequal on it, yet are the de- 
grees of a circle produced from its centre, or cen- 
tre of the table, where there is a small hole. 

The degrees are subdivided as small as their dis- 
tance wilt admit; at every tenth degree are two 
numbers, one the number of degrees, the other its 
complement to d60. 

There is another centre hole about i of the ta* 
ble's breadth from one edg^^ stnd is in the middle 
between the two ends« To this centre hole on the 
other side of the frame, there are the divisions of a 
semi-circle, or 180 degrees ; and these again are 8ul> 
divided into halves, or quarters, aa the sise of th« 
instrument will admit. 
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That side of the frame, on which the 360 de- 
grees are, supplies the place of a theodolite, the 
other, that of a semicircle. 

There is a circumferentor-box of wood with a 
paper chart at the bottom applied to one. side of 
the table by a dove-tail joint, fastened by a screw. 
This box (besides its rendering the plane table ca- 
pable of answering the end of a circumferentor) 
is very useful for placing the instrument in the same, 
position every remove. 

There is a brass ruler or index of about t\yo» 
inches broad, with a sharp or fiducial edge, at each* 
end of which is a sight 5 on the ruler are scales 
of equal parts with and without diagonals, and a 
scale of chords; the whole is fixed on a ball and 
socket, and set on a three4egged-staff. 

To take the angles- of afield by the table ^ 

Having placed the instrument at the first station 
turn it about till the north end of the needle bie 
over the meridian, or flower-de-luce of the box, 
and there screw it fast. Assign any convenient 
point, to which apply the edge of the index, so 
as through the sights you may see the object in the 
last station, and by the edge of the index from the 
point draw a line. Again, turn about the index 
with its edge to the same point, and through the 
sights observe the object in the second station, and 
from the point, by the edge of the index, draw 
another line ; so is the angle laid down ; on that 
last line set off the distance to the second station, 
in chains and links; apply your instrument to the 
second station, taking the angle as before ; and 
after the like .manner proceed till the whol6 is 
finished. 
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This method may be used in good weather, if 
the needle be well touched and play freely ; but 
if it be in windy weather, or the needle out of or- 
der, it is better, after having taken the first angle 
^w before, and having removed your instrument to 
the second station, and placed the needle over the 
meridian line as before, to lay the index on the last 
dravtrnline and look backward thro' the sights; if 
you then see the object in the first station, the 
table is fixed right, and the needle is true; if not, 
turn the table about, the index lying on the last 
line, till thro' the sights you see the object in the 
first station; and then screw it fast, and keeping 
the edge of the index to the second station, direct 
your sights to the next ; draw a line by the edge 
of the index, and lay oflF the next line ; and pro- 
ceed thro' the whole without using the needle, as 
you do with the theodolite. 

If the sheet of paper on the table be not large 
enough to contain the map of the ground yon 
survey, you must put on a dean sheet, when the 
other is full ; and this is called shifting of paper, 
and is thus performed. 

Plate VL fig. 8. 

Let ABCD represent the sheet of paper on the 
plane tajble, upon which the plot E, F, G, H, I, 
K, L, M, is to be drawn ; let the first station be 
E, proceed as before from thence to F, and to G ; 
then proceeding to H, you find there is not room 
on your paper for the line GH ; however, draw 
as much of the line GH, as the paper can hold, 
or draw it to the paper's edge. Move your in- 
strument back to thq first station E, and proceed 
the contrary way to M, and to L*; but in going 
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from thence to K, you again find your sheet will 
not hold it ; however, draw as much of the line 
LK on the sheet as it can hold. 

Take that sheet oflF the table, first observing 
the distance oo of the lines GH and LK, by the 
edge of the table; take off that sheet, and mark 
it with No. I, to signify it to be the first taken off. 
Having then put on another sheet, lay that distance 
00 on the contrary end of the table, and so pro- 
ceed ^s before with the residue of the survey, 
from o to H, to K, and thence to o ; so is your sur- 
vey complete. 

In the like manner ypi may proceed to take off, 
and put on, as many sheets as are convenient ; and 
these may afterwards be joined together with mouth 
glue, or fine white wafer, very thin. 

If the index be fixed to the first centre, using 
the S60 side, it will then serve as a theodolite, 
smd when to the second centre, using the 180 side, 
it will serve as a semicircle ; by either of which you 
may survey in rainy weather, when you cannot 
have paper on the table. 



TO TAKE AN ANGLE OF ALTITUDFBY 
THE CIRCUMFERENTOR, THEa 
DOLITE, SEMICIRCLE, OR . 
PLANE TABLE. 



L To take an angle of altituiey by the circumfe-^ 

renter 



LET the glass lid be taken off, and let the in- 
strament be turned on one side, with the stem 
of the ball into the notch* of the socket, so that 
the cirde niay be perpendicular to the plane of the 
horizon; let the instrument be placed in this 
situation before the object, so that the top there- 
of may be seen through the sights; let a plummet 
be suspended from the centre pin, and the object 
being then observed, the complement of the num- 
ber of degrees, comprehended betwten the thread 
of the plummet, and that part of the instrument 
which is next your eye, will give the angle of alti- 
tude required, 

2. If an angle of altitude is to be taken by 
the theodolite, or semicircle, let a thread be run 
through a hole at the centre, and a plummet be sus- 
pended by it ; turn the instrument on one side, 
by the help of the ball and notch in the socket 
for that purpose, so that the thread may cut 90, 
having 360 degrees next you ; screw it fast in that 
position, and through the "sights cut the top of the 
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object ; and the degress then cut by the end of 
the index next you, are the degrees of elevation 
required. An angle of depression is taken the con- 
trary way. . , , 

S. By the plane table an angle of altitude is 
taken in the like manner, by suspending a plum- 
met from the centre thereof, having turned the 
table on one side, and fixed the index to' the 
centre by a crew, so as to move freely, let the 
thread cut 90, look through the sights as before, 
and you have the angle of elevation, and on the 
contrary that of depression. 



OF THE 



PROTRACTOR. 



THE protractor is a semicircle annexed to a 
scale, and is made of brass, ivory or horn ; 
its diameter is generally about five or six inches. 

The semicircle contains three concentric semicir- 
cles at such distances from es^ch other, that the spa- 
ces between them may contain figures. 

The outward circle is numbered from the right 
to the leflt hand, with 10, 20, SO, 8(c. to 180 
degrees; the middlemost the same way, from 
180 to 360 degrees; and the innermost from the 
upper edge of the scale both ways, from 10, 20, 
SO, &c. to 90 degrees. 

It is easy to conceive that the protractor, tho' a 
semicircle, may be made to supply the place of 
a whole circle; for if a line be drawn, and the 
centre-hole of the protractor be laid on any point 
in that line, the upper edge of the scale corres- 
ponding with that line, the divisions on the edge 
of the semicircle will run froin to 180, from 
right to left : again, if it be turned the other 
way, or downwards, keeping the centre-hole there- 
of on the aforesaid point in the line, then the di- 
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visions will nm from 180 to 560, and so completes 
an entire circle with the former semicircle. 

The use of the protractor . is to lay oflF angles, 
and to delineate or draw it niap, or plan, of any 
ground from the field notes; and is performed in 
the foUowins: manner. 



To protract ajield-book when the angles are taken 
from the meridian. 

Plate VI. fig. 9. 

On your paper rule lines parallel to each other, 
at an inch asunder (being most usual) or at any 
other convenient distance; on the left .end of the 
parallels put N. for north, and on the right S. for 
south; put E. at the top for east, and W. at the 
bottom of your paper for west. 

Then let the following field-book be that which 
n to be protracted, the bearings being taken fi'om 
the meridian, whether by a circumferentor, theo- 
dolite, or semicircle, and measured "with a two- 
pole chain. 



No. 


Bearing. 


Ch. L. 


1 


283i 


55.20 


2 


5481 


12.36 


3 


317 


29.20 


4 


266 


55.20 


5 


193 


40.00 


6 


124 


76.00 


7 


m^ 


87.02 



CloteatlQC fine ttatio*. 
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Pitch upon^any oonvenient point on your paper 
for your first station, a$ at 1^ on which (ay the 
centre-hole of your protractor, with a protracting- 
pin^ then if. the degrees be less that 180, turn 
the arc of your protractor downwards, or towards 
the west; but if more than 180, upwards, or to- 
wards the east. 



Or if the right hand be made the north, and 
the left the south, the west will be then up, and 
the east down. 



In this case, if the degrees be less than 180, 
turn the arc of your protractor upwards, or to- 
wards the west ; and if more, downwards, or to- 
wards the east. 



By the foregoing field-book, the first bearing is 
283i, turn the arc of your protractor upwards 
keeping the pin in the centre-hole, move the pro- 
tractor so that the parallel lines may cut opposite 
divisions, either on the ends of the scale, or on 
the degrees, and then it is paralleL This must be 
always first done, before you lay off your degrees. 



Then by the edge of the semicircle keeping the 
protraetor steady, with the pin prick the first bear- 
ing 2831, and from the centre-point, thro' that 
point or prick, draw a blank line with the pin, on 
which from a scale of equal parts, or from thp 
scale's edge of the protractor lay off the distance 
^5 C. 20 L. so is that station protracted. 



t 
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At the erifl ef the first station, or al g,- i^bicb 
fe the beginning of tlie second, with the pih plad^ . 
the centre of th^ protiiu^toir, tiirtling the arc tip, 
because the bearing of. the second station is mdre 
than 180, vizJdAsl: Place your pvbtvactbr parti- 
te! as before, and by the edge of thfe scitticirclfe, 
with the pin prick at that degree, thfo' Which Ahd 
the end of the foregoing station, draw a blank 
line, and on it set the distance of that station. 

.» In the like manner proceed thro* the whole^ only 
observe to turn the arc of your protractor dawn, 
when the degrees are less than 180. 

If you lay off the stationary distahces hy the 
edge of the protractor, it is necessary to dbservi^, 
that 'if your map is to be laid dowii by a scald ot 
40 perches to an inch, every division on the pro- 
tractor^s edge will be one two-pple chain; i a 
division will be 25 links, and i of a division will 
be 12^ links. 

If your map is to be laid down by al seale of SMK 
perches to an inch two divisions wiU be one twck 
pole chain; ohe division will •be>f^ links; i a 
division 12^ links, and i of a division will be 6i 
links. 

In the general, if 25 lihks b6 mfaltiplied bjr th^ 
number of percheis to aii inch tte Itlap is to be 
laid down by, iand the prbdUfctbd divided by ^6 
(fer which is the same thing, if ydil cut oft 6ti6 
arid take the half) you will have the value of one 
division on the protractor's erfge, in links and 
parts. 
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Example. , 

1. Hovrxj^sny links in a division^ if a vasip bel^ 
40y/n by a sipale .9f ,8 perches to an indi ? 

8 . . 



2JO)2010 



10 Jink?. Answer. 



S. How many links in a division, if a map be 
laid down by a scale of 10 perches to an inch ? 
25 
.10 



/210)25,l0 

12.5 or 12i links. Ans;wer. 
And SO of any other. 

To protract a field-book ^ taken by the angles of the 
field. 

Note. We here suppose the land surveyed is 
kept on the/f ight-hand as you survey. 

Draw a blank line vinth a ruler of a length 
greater than the diameter of the protractor ; pitch 
upon any convenient point therein, to which apply 
the centre-hole of your protractor with your pin,, 
turning the arc upwards if the angle be less than 
180, and downwards if more ; and observe to keep 
the upper edge of the scale, or 180 and degrees 
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upon the line ; then prick off the number of de- 
.grees contained i|i the given angle^ and draw a line 
from the first point through the point at the de- 
grees; upon which lay the stationary distance. 
Let this line be lengthened forwards and backwards, 
keeping your first station to the right, and second 
to the left ; and lay the centre of your protractor 
over the second station, with your pin, turning the 
arc upwards, if the angle be less than 180, and 
downwards, if more ; dnd keeping the 180 and 
degrees on the line,' prick off the number of de- 
grees contained in the given angle, and thro' that 
point and the last station draw a line, on which 
lay the stationary distance : and in like manner pro- 
ceed through the whole. ^ 

In all protractions, if the end of the last station 
fells exactly in the point you began at, the field- 
work and protraction are truly taken and perform- 
ed, if not, an error must have been committed in 
one of them : in such case make a second pro- 
traction : if this agrees with the former, and nei- 
ther meet nor close, the fault is in the field-wotk, 
and not in the protraction ; and then a re-survey 
must be tak^ii. 



SECTION IV. 



f 



Containing twa Methods by which the Areas of 
right-lined Figures may be determined. 



DEFINITION. 



THE area or content of aoy plane surface in 
perches, is the number of square perches, that 
surface contains. 



PkteVILfig. L 



Let ABCD represent a rectangular parallelo- 
gram or oblong : let the side AB, or DC, con- 
tain 8' equal parts: and the sidi^'AD, or -fiC^ 
three of such parts ; let the line AB be* moved 
in the direction of AD, till it has come' to EF^ 
where AEi or HF (the distance of it from its fir^t 
situation) may be equal to one of the equ^l part9. 
Here it is evident, that the generated oblong ABEF, 
will contain as many squares as the side AB con^ 
tarns equal parts, which are 8 ; e^ch square 
having for its sijie one of the eqnal parts, into 
which AB, or AD, is divided.. Again^ let AB 
move on till it com«s to GH, so as GE, or HF^ 
may be equal to AE, or BF ;1 then it is plain that 
the oblong A6HB, will contam twice as many 
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the same manner it will appear, that the oblong 
ADCB will contain three times as many squares 
as the side AB contains eqiid fronts ; and in general, 
that every rectangular parallelogram, whether 
square or oblong, contaiii^s as m&ny squares as the 
procluptpf thev^jUtober of equ^psn^ io tbeJD#se» 
multiplied intoihe bumber of tbe mm^ eqvi^l parts 
in the height, contains units, each square having for • 
its side one of the equai parts/ 

Hence arises the solution of the following pro- 
blems. 

PKOBLEM I- 

To find the content of a square piece of ground. 

1. Multiply the base in perches, into the per- 
pendicular in perches (or square the basei) the. pra- 
duct will be the content in perches ; and because 
160 perches make an acre, it must thence follow, 
that i 

Any aifoa, or content in perches, bqing divided 
by :160, will give the content in acres ^ the rent^iMb^ 
ing perohei^ if more than 40, beiqg dividfid by 4^ 
will give tl>e roods, ^and tbe la»t ri^ainderi if i^Aj^ 
will be perches. ... ..-r ^ 

Or thus: 

S. .Square the side in four^pole .chains and 
liilks, and the product will be square four-^pole 
chains and dinks ; divide this by 10, or cut off 
one more (than. the.;d^mmals, .whioh arejfive in .all, 
^om tbe ^9}gfat 'itowards the left ; the f%Uffes 
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resting to thi Ifeft are acres, because 10 sqi|are 
ftnir-pote chains iiKake ah acre, and the remaining 
figures are decimal p^vXs of an acre. Multiply 
the five figures to the fight t)y 4, cutting 5 fi- 
gures fi'om the product,, and if any figure be to 
the left of them, it is a food, or roods; multi- 
ply the last cut oflF figures by 40, cutting ofi* five 
or (which is the same thing) by 4, cutting ofi'four; 
and the remaining, figures to the left, if any, are 
perchef. , ; . 

1. The first part is plain, froni considering that 
a piece of ground in a square fortn, whose side is a 
perch, must contain a perch of ground; and that 
40 such perches make a robd, or stang, and four 
roods an acre ; or which is the same thing, that 160 
square perches make an^ acr^, as before. 

S. A square four-pole cbain (that is, a piece of 
git>i}#}Mf^«H'drpe#die^ evdryway) must con* 
tain 160 square perchet^} and 160 perches make 
au acre, therefore 10 times 16 perches, or 10 
square four-pole chains malse an acre. 

Note, that the chains giV^n, or required, in any 
6t ifee following problems, are supposed two-pole 
tltai6»; thtfi (t^haiti being niost Commonly used ; 
but they must be reduced to four-pole chains or 
perches for calculation, because the links will not 
operate with them as decinial&« 

Examples. 

Plate I. fig. 17. 

Lfet ABCD be a square field, whose side is UC 
29 L. ; I d^inand the contetrt iti actes- 
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Ch. L. 
By problem 4. section 3, 14. 29 iU'e equal ,t» 
^9- .16 perches. . , 
ag. 16 . ' 



17496 
, 2916, 

26244 

5832 

_.i_._ A R. P. 
160)850.3056( 5. 1. 10. content. 



40)50(1 rood. 
10 perches. 

Or, thus : 

Ch. L. (3). L. 

. , 14. 29 are equal to 7. 29 of foar*piole qhaiiui, by 
prob. 1. sect. 3. 7-29 . .( 

,: 0561 

1458 
5103 

A.R.P. 

Acres 5131441 content as bef. 5. 1. 10 

4 



Rood J 125764 
4 



Perches 1013056 



It is required to lay down a map of this piece ot 
ground, by a scale of twenty perches to. an inch. 
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Take 29. 16 the perches of the given side, from 
the small diagonal on the common surveying scale, 
where 20 small, or two of the large divisions are 
an inch : make a square whose side is that length 
(by prob. 9. sect. 1.) and it is done. 

PROBLEM II. 

To find the side of a square^ whose content is given. 

Extract the square root of the given content 
in perches, and you have the side in perches, and 
consequently in chains. 

Example. 

It is required to lay out a square piece of ground 
which shall contain 12A. 3R. 16P. Required the 
number of chains in each side of the square ; and 
to lay down k map of it, by a scale of 40 perches 
to an inch. 

A. R. P. 
12. 3. 16. 
4 

51 
40 

Ch. L. 



2056(45.34 perches » SIS. 33i by prob. 6. 

[sect. 3. 

85)456 

903)3100 



9064)39100 

S A 
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To draw the map. 

From a scale where 4 of the large, or 40 of the 
small divisions are an inch, take 45.34, the perches 
of the, side, of which make a square. 

PROBLEM III. 

To find the content of an oblong piece of ground. 

Multiply the length by the breadth, for the 
qonte^t. 

Example. 

Plate I. fig. 3. 

Let ABCD be an oblong piece of groimd, whose 
length AB is 14C. 26L. and breadth 8C. S7L. 
I demand the content in acres, and also to lay down 
a map of it, by a scale of 20 perches to an inch. 



Ch. L. Perches- 
14.25 = 
8 



.'37 = 17.48 } ^y p^^*^- *• ^^^' ^• 



15732 
3396 

A. R. P. 



150)506.9200(3. 0. 27- content. 



26 perches, or near 27. 
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Or thus : 



■ 4 pole cb. 

Ch« lit* Cb* L* 



1: 31=1:17} "^p™"- '•««•'• 



6057 
2175 
2900 

Acres 3116825 
4 



Rood 167300 
4 



Perches 2619200 



To draw the map. * 

Make an oblong (by schol. to prob. 9. sect. 1.) 
whose length, from a scale of 20 to an inch, may 
be 29 perches, and breadth, 17.48 perches. 



PROBLEM IV. 

The content of an oblong piece of ground, and one 
side given, to find the other. 

Divide the content in perches, by the given 
side in perches, the quotient is the side required 
in perches ; and tb^ce it may be easily reduced 
to chains. 
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Example. 

Ch. L. 
There is a ditch 14. 25 long, by the side of 
which it is required^lo lay out an oblong piece of 
ground, which shall contain SA. OR. 27P : what 
breadth must be laid off at each end of the ditch 
to enclose the 3A. OR. 57P ? 

A. R. P. 
3. 0. 27. 

12 
40 

Perch. Ch. L. 

29)507(17.48«8. 37. breadth 



217 
140 
240 
8 



The map is done as the last. 

PROBLEM V. ' 

To find the content of a piece of ground, in form 
of an oblique angular parallelogram j or of a 
rhombus, or rhombodies. 

Multiply the base into the perpendicular height. 
The reason is plain from theo. 13. sect. 1. 
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Example. * 

Plate VII. fig. 8. 

Let ABCD be a piece of ground in form of 
a rhombus, whose base AB is 22 chains, and per- 
pendicular DE, or FC, 20 chains. Required the 
content. 



Ch. Ch, 
22=11.0 
20 = 10 



«}4pol 



[« chains. 



11|0 
Or, 
= 4o} P^"^^®'- 



Cb. 

22 = 44 

20 



160)1760(11 acres. 



160 



The converse of this is done by prob. 4. and the 
map is drawn, by laying off the perpendicular on 
that part of the base from whence it was taken : 
joining the extremity thereof to that of the base, 
by a ri^t line, and thence complete the paral- 
lelogram. 
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PROBLEM VI. 

Tojind the content of a triangular piect of grounds 

Multiply the base by half the perpendioular^ or 
the perpendicular by half the base; or take half 
the product of the base into the perpendicular. 

The reason hereof is plain, from cor. 2. theo. IS. 
sect. 1. 

Example. 
Plate I. fig. 16. 

Let ABC be a triangular piece of ground, whose 
longest side or base BC, is 24C. 38L. and perpen- 
dicular AD, let fall from the opposite angle, is 13 
C. 28L. Required the content. 

L Base 24.38=12.38 



i perp. 



3 39 4 * P^'® chains. 



11142 
3714 
3714 

Acres 4119682 
4 
Rood 178728 
40 



P^ches 3114&iaO 
A. R. P. 
Content 4. 0. 31. 



To find Ike Content of Ground. 1 9 1 

Perp. 13. 28 ==6. 78) four-pole chaios, by prob, 
i perp. 6. 39=3. 39) 1. sect. 3. 

Or 2dly. Perp. 6.78 of four-pole chains, 
i base 6.19 



6102 

678 
4068 

————— A. R* P. 
4il9682=4.'o. 31. 

Or3dly. Base 12.38 fo^r-pole chains. 
Perp. 6.78 

9904 
8666 
7428 



83.9364 

— T— — A« Ra P 
Its 1 = 4 I 19682 = 4.* 0. Sh 

Or the base and perpendicular may be reduced 
to perches ; and the content may be thence obtain* 
edf thus: 
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Ch. L. Perches. 
Perp. 13. 28 = 27. 12^ 




• ) 


Half the perp. 13.56 J 
} 


Byprob. 4.sect. 3. 


Perches. Ch. L. 
1. Base 49.52 = 24.38 
i perp. 13.56 






29712 
24760 
14856 
4952 

A. R. P. 
160)671.4912(4 0. 31. 




31 






Perches. 

2. Perp. 27.12 

Half base 24.76 


, R. 

0. 


/ 


16272 
18984 
10848 
5424 

: A, 

671.4912 = 4. 


P. 

31. 



But, square perches may be reduced to acres, &;c. 
rather more commodiously, by dividing by 40 and 
4, thau by 160 ; thus, 

410)6711. 

4)16.31 

A. 4. 0. 31 
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Perch. 

S. Base 49.52 

Perp. 27.12 



9904 
4952 
34664 
9904 

1342.9824 

A. R. P. ^ 

671.4912 = 4.0.31. '^ 



The map may be readily drawn, having the dis* 
tance from either end of the base, to the per- 
pendicular given ; as may be evident from the fi- 
gure. 

PROBLEM VII. 

The content of a triangular piece of ground, and 
the base given, to jSnd the perpendicular^ 

Divide the content in perches, by half the base 
itk perches ; and the quotient will give you the pen- 
peadicular> in perches and so in chains. 

Examples. 

Plate I. fig/iq. 

. Let BC be a ditch, whose length is 24C. 40L. 
by which it is required to lay out a triangular piece 
of ground, whose content shall be 4 A. IR. lOP. 
Required the perpendicular. 

2 B 



194 To Jind the Content of Ground. 

Ch. L. Perches. 
Base 24.40 = 49.6 
Half the base = 24.8 

A. R. P. 
4. 1. 10. 
4 



17 
40 



24.8)690(27 JS. perches. 



1940 
2040 
560 
64 ^ 

Perches. Ch. L. 
Answer perp. 27.2S.= 13. 45. 

This perpendicular being laid on any part of the 
base, and lines run from its extremity to the ends 
of the base, will lay out the triangle (by cor. to 
theo. 13. sect. 1.) so that the perpendicular may be 
set on that part of the base which is most conveni- 
ent and agreeable to the parties concerned. 
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LEMMA. 

If from half the sum of the sides of any plane tri- 
angle ABCy each particular side be taken ; and 
if the half sum, and the three remainders be 
multiplied continually into each othtrr, the square 
root of this product will be the area of the tri- 
angle. 

PlateVIILfig. 9. 

Bisect any two of the angles, as A and B^ with 
the hnes AB, BD meeting in D ; draw the per- 
pendiculars DE, DF, DG. 

The triangle AFD is equiangular to AED ; for 
the angle FAD = EAD by construction, and AFD 
•= AED, being each a right angle, and of conse- 
queoce ADF= ADE ; wherefore AD : DE : : AD : 
DE: and since AD bears the same proportion to 
DF, that it doth to DE, DF = DE, and the trian- 
gle AFD s AED. The same way DE — DG, 
and the triangle DEB= DGB, and FD = DE = 
DG ; therefore D will be the centre of a circle that 
will pass through E, F, G. 

In the same way if A and C were bisected, the 
same point D would be had, therefore a line from 
D to C will bisect C, and thus the triangles DFC, 
DGC will be also equal. 

Produce CA to H, till AH = EB or GB; so 
will HC be equal to half the sum of the sides viz. 
toiAB + i AC + iBC; for FC, FA, EB, are 
severally equal to CG, AE, BG ; and all these to- 
gether are equal to the sum of the sides of the tri- 
angle ; therefore FC + F A + EB or CH, are equal 
to half the sum of the sides. 
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FC = CH— AB, for AF = AE and HA = EB ; 
therefore HF = AB; and AF = CH— BC; for 
CF=CG, and AH = GB; therefore BC = HA 
+ FC, and AH = CH— AC. 

Continue DC, till it meets a perpendicular drawn 
upon H in K ; and from K draw the perpendicular 
KI, and join AK. 

Because the angles AHK and AIK are two right 
ones, the angles HI A and K together, are equal 
to two righlf ; since the angles of the two trian- 
gles contain four right : in the same way'FDE + 
FAE = (2 right angles =) FAE + lAH ; let FAE 
be taken from both, then FDE=IAH, and of course 
FAE = K: the quadrilateral figures AFDE, and 
KHAI, are therefore similar, and have the sides 
about the equal angles proportional ; and it is plain 
the triangles CFD and CHK are also propor- 
tional : hence, 

FD : HA : : FA : HK 
FD : FC : : HK : HC 

Wherefore by multiplying the extremes, and 
means in both, it will be the square of FD x HK 
xHC = FCxFAxHAxHK; let HK be taken 
from both, and multiply each side by CH ; th^n tlie 
square of CH x by the square of FD « FC x FA 
xHAxCH. 

It is plain, by the foregoing problem, that 
i AB X DE, + i BC X DG +i AC X FD = the 
area of the triangle ; or that half the sum of the 
sides, viz. CH x FD = the triangle ; wherefore 
the square of CH x by the square of FD ^ FC x 
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FA X HA xCH, that is, the half sum multiplied 
continually into the differences between the half 
sum and each side, will be the square of the area 
of the triangle, and its root the area. Q. E. D. 

Hence the following problem will be evident. 
PROBLEM VIII. 

Three sides of a plane triangle given to find 

the area. 

Rule. 

From half the sum of the three sides subtract 

each side severally ; take the logarithms of half the 

sum and three remainders, aniS half their total will 

be the logarithm of the area : or, take the square 

root of the continued product of the half sum and 

three remainders for the area. 

Examples. 
Plate VIII. fig. 9. 

1. In the triangle ABCy are 

Sum 31.92 



HatfBam 15 96 Log. 1.30303 

0.72591 



{5.32 — 
3.68 — 
6.96 — 



Aemaiiiders \ 3.68 — 0.56585 

0.84261 



2)3.33740 



Answer, Sqr. Ch. 46.63 Log. 1.66870 
or, 4.663 Acres. 
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Or, 15.96 X5.32 x 3.68 x 6.96 = 2174.71113216 ; 
the square root of which is 46.63 for the area as 
before. ' 

2. What quantity of land is contained in a trian- \ 

gle, the 3 sides of which are, 80, 120, and 160 | 

perches respectively ? Answer 29A. 7P. 

PROBLEM IX. 

Two sides of a plane triangle and their included \ 

angle given, to find the area. ' 

^RULE. 

To the log. sine of the given angle (or of its sup- 
plement to 180*", if obtuse) add the logarithms of 
the containing sides ; the sum, less radius, will be 
the logarithm of the double area. 

EjCAMPLES. 

Plate V. Fig. 16. 

Suppose two sides, AB, AC, of a triangular lot 
ABC, form an angle of 30 degrees, and measure 
one 64 perches, and the other 40.5 what must the 
content be ? 

Given angle 30*. sine 9.69897 

^ . . . ., (64 log. 1.80618 
Contammg sides |^^^ j^| ^^^^^^ 

2)1296. log. 3.11260 



160)648(4A.8P. answer. 
8 
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2. Required the area of a triangle, two sides of 
which are 49.2 and 40.8 perches, and their con- 
tained angle 144i degrees ? Answer, 3A. 2R. 22P. 

3. What quantity of ground is inclosed in an equi- 
lateral triangle, each side of which is 100 perches, 
either angle being 6o degrees ? Answer, 27 A. lOP. 

Demonstration of this problem. , 

Plate XI. fig. 3. 

Let AH be perpendicular to AB and equal to AC 
and HE, FCG, parallel to AB ; then making AH 
(= AC) radius, AF (— CD) will be the sine of 
CAD, and the parallelograms ABEH (the product 
of the given sides) and ABGF the double area of 
the triangle) having the same base AB, are in pro- 
portion as their heights AH, AF ; that is, as radi- 
us to the sign of the given angle ; which proportion 
gives the operation as in the rule above. 

PROBLEM X. 

To find the area of a trapezoid^ viz. a figure 
bounded by four right lines, two of which are 
, '^parallel, but unequal. 

Rule. 

Multiply the sum of the parallel sides by their 
perpendicular distance^ and take half the product 
for the area. 

Examples. 

1. Required the area of a trapezoid, of which 
the parallel sides are, respectively, SO and 49 
perches, and their perpendicular distance 61.6 ? 

Note. On this 10th problem are founded most of the calculations of differences by latit«d« 
and departure, and those by off-ietti, foUowing in diis treatise. 
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30+49=79.^} ^^'*''P'^' 
2)4866.4 



Aoswer, 2433.2= 15 A. 33*2P. 
Plate VIIL fig. 10. 

2. In the trapezoid ABCD the parallel sides are, 
AD, 20 perches, BC, 32, and their perpendicular 
distance, AB, 26 ; required the content ? 

Answer, 4A. S6P. 

PROBLEM XI. 

Tojind the content of a Trapezium. 
Rule. 
Multiply the diagonal, or line joining the re- 
motest opposite angles, by the sum of the two per- 
pendiculars falling from the other angles to that di^ 
agonal and half the product will be the area. 

Example. 
Plate VII. fig. 3. 

Let ABCD be a field in form of a tra|>ezium« 
the diagonal AC 64.4 perches, the perpendicular 
B6 13.6 and Drf 27.2, required the content ? 



„&^:^^^}M"i«Piy 



2)2627.52 ' 

1 60) 13 1376(8 A. 3S|P. Answer. 
1280 



9Si Perches. 
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Note. The method of multiplying together the 
half sums of the opposite sides of a trapezium for 
the content is erroneous, and the more so the more 
oblique its angles are. 

To draw the map set off A6 28 perches and Arf 
84.4, and there make the perpendiculars to their 
proper lengths, and join their extremities to those 
of the diagonal. 

PROBLEM XII. 

Tojind the area of a circle y or an ellipses. 
Rule. 
Multiply the square of the circle's diameter, or 
the product of the longest and shortest diameters of 
the ellipsis by .7854 for the area. Or, subtract 
0.10491 from the double logarithm of the circle's 
diameter, or from the sum of the logarithms of those 
elliptic diameters, and the remainder will be the 
logarithm of the area. 

Note. In any circle, the 
Diam. multi. \. <j» i z i ;ro ( produces the Cir. 
Circum. div.r^^-^"*^^^^ (quotes the diani- 



1. How 
diameter ? 


Examples. 
many acres are in a 

1 Mile = 320 per. log 

410)804215. log. 

4)2010.25 • 

er, 502A. 2K. 
• 2c 


circle oP a 

3.50515 
2.50515 


mile 




5,01030 
0.10491 

II 




Answ 


4.90539 
25P. 
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2. A gentleman, knowing that the area of-a circle 
is greater than that of any other figure of equal peri- 
meter, walls in a circular deer park of 100 perches 
diameter, in which he makes an elliptical fish pond 
10 perches long by 5 wide; required the length of 
his wall, content of his park, and area of his pond 1^ 

Answer, the wall 314.16 perches inclosing 49A. 
14P. of which S9i perches, or \ of an acre nearly, 
is appropriated to the pond. 



PROBLEM ^III. 

The area of a circle given^ to find its diameter. 

Rule. 

To the logarithm of the area add 0.10491^ and 
half the sum will be the logarithm of the diameter. 
Or, divide the area by .7854 and the square root of 
the quotient will be the diameter. 

Example. 

A horse in the midst of a meadow suppose. 
Made fast to a stake by a line from his nose. 
How long must this line be, that feeding all round. 
Permits him to graze just an acre of ground } 

Area in perches 160 log. 2.20412 

0.10491 



*S)S.30903 • 

2), 

Diameter 14.2733 log. 1.15451 

Answer, 7.13665 per. =117 F. 9 In. 
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PROBLEM XIV; 

75? make the proper allowance for roads. 

It is customary to deduct 6 acres out of 106 for 
roads ; the land before the deduction is made may 
be termed the gross ; and that remaining after such 
deduction^ the neat. 

Rule. 

The gross div.) i ^ ^^ f quotes the neat. ' 
The neat mul.J ^ ' * (prob. the gross. 

Examples. 

1. How much land must I inclose to have 850A. 
2R. SOP. neat ? 



40120. 
4[ i.5 



Acres. A. R. P. 



850.625 X 1.06 = 901.6625 = 901. 2. 26. the ans. 

2. How much neat land is there in a tract of 
901A.2R.26P. gross? 

40126. 
4| 2.65 

— — . Acres. A. R. P. 
1.06)901.6625(850.625=860. 2. 20. the answ. 
848 

&c. 
Note. These two operations prove each other. 
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PROBLEM XV. 

Tojind the area of a piece of ground be it ever so 
irregular, by dividing it into triangles and tra- 
pezia. 

Plate VII. fig. 4. 

We here admit the survey to be taken and pro- 
tracted ; by having therefore the map, and know- 
ing the scale by which it was laid down, the con- 
tent may be thus obtained. 

Dispose the given map into triangles, by fine 
pencilled lines such as are here represented by 
pop'd lines in the scheme, and number the tri- 
angle with I, 2, S, 4, 8Cc. Your map being thus 
prepared, rule a table with four columns ; the 
first of which is for the number of the triangle, 
the second for the base of it, the third for the 
perpendicular, and the fourth for the content in 
perches. 

Tten proceed to measure the base of number 1, 
from the scale of perches the map was laid down, 
and place that in the second column of the table ; 
under the word base ; and from the angle opposite 
to the base, open your compasses so, as when 
one foot is in the angular point, the other being 
moved backwards, and forwards, naay just touch 
the base line, and neither go the least above or be- 
neath it; that distance in the compasses measured 
from the same scale, is the length of that perpen-* 
dicular, which place in the third column, under 
the word perpendicular. 
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If the perpendicular of two triangles fall on one 
and the same base, it is unnecessary to put down the 
base twice, but insert the second perpendicular op- 
posite to the number of the triangles in the table, 
and join it with the other perpendicular by a brace 
as No. 1 & 2, 4 & 5, 6 & 7, 9 & 10, &;c. 

Proceed after this manner, till you have mea- 
sured all the triangles ; and then by prob. 6. find 
the content in perches of each respective triangle, 
which severally place in the table opposite to the 
number of the triangle, in the fourth column, under 
the word content. 

But where two perpendiculars are joined together 
in the table, by a brace having both one and the 
same base ; find the content of each (being a tra- 
pezium) in perches, by prob. 11, which place op- 
posite the middle of those perpendiculars, in the 
fourth column, under the word content. 

Having thus obtained the content of each respec- 
tive triangle and trapezium which the map con- 
tains, add them all together, and their sum will 
be the content of the map in perches ; which 
being divided by l60, gives the content in acres. 
Thus, for 
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Examples. 



44 b 



Base. 



I 

2 

328.2 

439.8 

649.4 

7 

838.7 

940.0 
10 
1 1 42.8 
12 
1326.2 
1424.0 
15 



Perpend. Contcfnt. 



17.0> 
16.3J 
16.0 
19.6 1 
16.2 J 
29.01 
15.0) 
6.7 
17.0) 
13.0J 
IO.2I 
12.3 1 
17.9 
11.6> 
10.0> 



412.92 

225.6 

712.42 

1086.8 
129.64 
600. 

481.5 

234.49 

259.^ 



[ 



Con. in perch. 4142.57 



This being divided by I60, will give 25 A. 3R. 
22P. the content of the map. 

Let your map be laid down by the largest scale 
your paper will admit, for then the bases and per- 
pendiculars can be measured with great accuracy 
than when laid down by a smaller scale, and if 
possible measure from scales divided diagonally. 

If the bases and perpendiculars were measured 
by four-pole chains, the content of every trian- 
gle and trapezium, may be had as before, in prob- 
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lem 6 and II5 and consequently the whole con- 
tent of the map. 

If any part of your map has short or crook- 
ed bounds^ as those represented in plate VII. 
fig. 5, then by the straight edge of a transparent 
horn, - draw a fine pencilled line as AB to bar 
lance the parts taken in and left out, as also an<)- 
-ther, BC: these parts when small, may be ba- 
lanced very nearly by the eye, or they may be 
more accurately balanced by method the third. 
Join the points A and C by a line, so will the 
content of the triangle ABC, l^ equal to that 
contained between the line AC, and the crooked 
boundary from A to A, and to C : by this method 
the number of triangles will be greatly lessened, 
and the content become more certain; for the 
fewer op^r^tions you have, the less subject will 
you be (o err: and if an error be committed, the 
sooner it may be discovered. 

The lines of the map should be drawn small,^* 
isind neat, as well as the bAses ; the compasses neat- ^ 
ly pointed, and scale accurately divided; without 
all which you may err greatly. The multiplications 
should be run over twice at least, as also the addi- 
ction of the column content. 




From what has been said, it will be easy to sur 
a field, by reducing it into triangles, and>^^ 
isuring the bases and perpendiculars by th^h^ii^- 
To a^cef tain the content only, it is not ^terial to , 
know at what part of the bases the perpendicular 
was taken: since it Tias been shewn (in cor. to 
theo. 13, sect. 1.) that triangles on the same 
base, and between the same parallels are equal : 
but if you would draw a map from the bases and 
perpendicitlars, it is evident that you must know at 
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what part of the base the perpendicular was taken 
in order to set it off in its due position 3 and hence 
the map is easily constructed. 

PROBLEM XVI. 

To determine the area of a piece of ground, having 
the map given, by reducing it to one triangle 
equal thereto , and thence finding its content. 

PlateVlIi. fig. 5. 

Let A B C D E F G H be a map of ground, 
which you would reduce to one triangle ^c^^ual 
thereto. 

Produce any line of the map, as AH, both 
ways, lay the edge of parallel-ruler from A to C, 
having B above it ; hold the other side of the ruler, 
or that next you fast; open till the same edge 
touches B, and by it, with a protracting pin mark 
the point b on the produced line, lay the edge of 
the ruler from 6 to D, having C above it, hold the 
other side fast, open till the same edge touches C, 
and by it mark the point c, on the produced line. 
A line drawn from c to D will take in as much as it 
leaves out of the map. 

Again lay the edge of the ruler from H to F, 
havri*^ G above it, keep the other side fast, open 
till^ the 4jjame edge touches G, and by it mark the 
point gy On the produced line ; lay the edge of 
the ruler from g to E, having F above it, keep 
the other side fast, open till the same edge 
touches F, and by it mark the point/, on the pro- 
duced line. Lay the edge of the ruler. from/ to 
D, haying E above it, keep the Other side fast. 
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open till the same edge touches IS^, and by it mark 
the ^int e^ on the produced line« A line drawa 
from D to e, will take in as much as it leaves out. 
Thus have you the triangle c D e, equal to the irre- 
gular polygon ABCDEFGH. 

If when the ruler^s edge be applied to the points 
A and C, the point B falls under the ruler^ hold 
that side next the said points fast, and draw back 
the other to any convenient distatice ; then hold 
this last side fast> and draw back the former edge 
to B, and by it mark 6, on the produced line j and 
thus a parallel may be drawn to any point under 
the ruler, as well as if it were above it. It is best 
to keep the point of your protracting pin in the last 
point in the extended line, till you lay the edge of 
the ruler from it to the next station, or you may 
mists^ke ene point for another. 

This may also be performed with a scale, or ru* 
ler, which has a thin sloped edge, called a fiducialj 
or sure edge^ and a fine pointed pair of compasses* 
Thus, 

Lay that edge on the points A and C, take the 
distance from the point B to the edge of the scale^ 
fio that it may only touch it, in the same manner as. 
you take the perpendicular of a triangle ; carty 
that distance down by the edge of the scale paral-- 
lei to it, to b ; and there describe an arc on the 
point b ; and if it just touches the ruler*s edge, 
the point b is in the tme place of the extended 
line. Lay then the fiducial edge of .the scale 
from b to D, and take a distance from C, that will 
just touch the edge of the scale} carry that dis* 
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tance along the edge, till the point which was im 
C, cuts the produced line in c; keep thskt foot in 
c, and describe an arc, and if it just touches the 
ruler's edge, the point cis in the true place of the 
extended line. Draw a line from c to D, and it 
will take in and leave out equally : in like manner 
the other side of the figure may be balanced by the 
lineeD. 



Let the point of your compasses be kept to the 
last point of the extended line, till you lay your 
scale from it to the next station, to prevent mis- 
takes from the number of points. 



That the triangle cD^, is equal to' the right- 
lined figure A B C D E F G H, will be evident 
from problems 18. 19. sect. 1. for thereby, if aline 
were drawn from 6 to C, it will give and take 
equally, and then the figure 6 C D E F G H, will 
be equal to the map. Thus the figure is lessened 
by one side, and by the next balance line will les- 
sen it by two, and so on, and will give and take 
equally. In the same manner an equality will arise 
on the other side. 



The area of the triangle is easily obtained, as be- 
fore, and thus you have the area of the map. 

It is best to extend one of the shortest lines of 
the polygon, because if a very long line be pro- 
duced, the triangle will have one angle very ob- 
tuse, and consequently the other two very acute; 
in which case it will not be easy to determine exactly 
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the length of the longest side, or the points where 
. the halancing lines cut the extended one. 

This method will be found very useful and ready 
in small enclosures, as well as very exact ; it may 
be also used in large ones, but great care must be 
taken of the points on the extended line, which 
will be crowded, as well as of not missing a station. 



PROBLEM XVII. 

A Map with its area being given, and its scale 
omitted to be either drawn or mentioned s tojind 
the scale. 

iAST up the map by any scale whatsoever, 
and it will be 

As the area found 

Is to the square of the scale by which you cast up, 

: : The given area of the map 

To the square of the scale by which it was laid down. 

The square root of which will give the scale. 
Example. 



A rnap whose area is 126 A. 3R. 16P. being 
given ; and the scale omitted to be either drawn or 
mentioned ; to find thef scale. 

Suppose this map was cast up by a scale of 20 
perches to . an inch, and the content thereby pro- 
duced be 31 A. 3R. 34?. 
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As the area found, 31 A. 2R. 34P. = 5074R 

Is to the square of the scale by which it was cast 

up ; that is to 20 x 20=400, 
: : The given area of the map 126A. 3R. 1SP« 
«20296P. 

To the square of the scale foy which it was laid 
down« 

5074 : 400 : : 20296 : 1600 the square of the 
required scale. 

Root. 
1600(40 
16 



8)00 



Answer. The map was laid d#«m by a scale of 
40 perches to an inch. 



PROBLEM XVIII. 



How to find the true content of a survey^ though it 
be taken by a chain that is too long or too shorts 

Let the map be constructed and its area found 
as if the chain were of the true length. And it 
will be. 

As the square of the true chain 
Is to the content of the map, 
.: : The square of the chain you surveyed by 
To the true content of the map. 
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ExAMlMt 

If a survey betdkeh '^ith ^ chain which is S 
inches tod long^ or with one whose length is 
42 feet 3 inches, and the map thereof be found 
to contain 9^A. 2R. 26P, Required the true 
content* 

As the square of 42F. 3ln.=the square of 504 

inches«-2540l6P. 
Is to the content of the map 920 A. IR. 20P. 

=147260?. 
; : The square of 42P. 3ln«sssthe square of 507 

inchesaai257049 
Ta the true content, 

P. P. 

250416 : 147260 ; : 257049 : 149019 
A R P 
160)149019(931*. I. 19 Answer, 

sot 
ai9 

4i>)59(l.R. 
19Pt 



SECTION V. 

The third Method for determining the Areas of right- 
lined Figures universally^ or by calculation. 

CALCULATION. 

DEFINITIONS, 

Plate VIII. fig. 7. 

1. TiiTERIDIANS are north and south linea, 
iVX which are supposed to pass through every 
station of the survey. 

2. The difference of latitude^ jor the northing or 
outhingofany stationary line, istiie'distance that 
ne end of the line is north or south from the 
her end; or it is the distance which is intercept- 
on the meridian, between the beginning of the 
tionary line and a perpendicular drawn from the 
aser end to that meridian. Thus, if N, S. be a 
Wridian line passing through the point A of the 
' AB, then is Ab the difference of latitude or 
;* ling of that line. 
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S. The departure of any stationary line, is the 
nearest distance from one end of the line to a meri- 
dian passing through the other end. Thus Bb is the 
departure or easting of the line AB : but if CB be a 
meridian, and the measure of tlie stationary dis- 
tance be taken from B to A ; then is BC the dif- 
ference of latitude, or northing, and AC the depar- 
ture or westing of the line BA. 

4. The meridian which passes through the first 
station, is sometimes called the first meridian 3 and 
sometimes it is a meridian passing on the east or 
west side of the map, at the distance of the breadth 
thereof, from east to west, set off from the first 
station. 

5. The meridian distance of any station is the 
distance thereof from the first meridian, whether it 
be supposed to pass through the first station, or ob 



\ the east or west side of the map. 

THEOREM L 



In every survey -which is truly taken, the sum 
of the northipgs will be equal to that of the south- 
ings; and the sum of the eastings equal to that of 
the westings. 

Plate IX. fig. L 

Let a, 6, c, e, /, g^ A, represent a plot or parcel 
of land. Let a be the the first station, b the second 
c the third &c. Let NS be a meridian line then 
will all lines parallel thereto, which pass through 
the several stations, be meridians also ; as ao, bs 
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cd^ &c. and the lines bo, cs, de, &c. perpendicular 
to these, will be the east or west lines, or de* 
partures. 

The northings, ei^go+hqasao^bs+cd+fr the 
southings : for let the %\ire be completed; tl^en it 
is plain that go+hg+rhssao+b^+cd, and ei — ri-ss 
fr. If to the former part of this first equation ei 
-—rk be added^ ajid/r to the latter, then ^^0+^5'+ 
eifssao+bs+cd+fr ; that is, the sum of the Jftorthr 
ings is equal to that of the southings. 

The eastings cs+qaasob+de+if+rg+ah, the 
westings. For aqj^yo (az) ssde-^^if+rg+oh, and 
bo=c—yo. If to the former part of this firs^t equair 
tion, cs — 3/0 be added, and bo to the latter, then 
cs-haqTstob+deJj^ifyrg^^oh; that is the sum of the 
eastings is equal to that of the westings. Q. E. D. 



SCHOLIUM. 

This theorem is of use to prove whether the 
field-work be truly taken, or not; for if the sum 
of the northings be equal to that of the south- 
ings, and the sum of the eastings to that of 
the westings, the field-work is right, otherwise 
not. 

Since the proof and certainty of a survey de- 
pend on this truth, it will be necessary to ahew 
how the difference of latitude and departum for 
any stationary line, whose course or distance are 
given, may be obtained by the tableik hereunto 
annexed. 
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TO FIND THE DIFFERENCE OF LATI- 
TUDE AND DEPARTURE, BY THE 
HELP OF THE ANNEXED TABLE. 

This* table is so contrived, that by finding there- 
in the given course, 'and a distance not exceeding 
100 miles, chains, perches, br feet, the difference of 
latitude and departure is had by inspection : the 
course is to be found at the top of the table when 
under 45 degrees j but at the bottom of the table 
when above 45 degrees. Each column signed with 
a course consists of two parts, one for the differ- 
ence of latitude, marked Lat. the other for the de- 
parture, marked Dep. which names are both at the 
top and bottom of these columns. The distance is 
to be found in the- column marked Dist* next the 
margin of the page. 

Examples* 

In the use of those tables, a few 'observations 
<>n\y are necessary. * 

1. If a station consist of any number of even 
chains or perches (which are almost the only mea- 
sures .used in surveying) the latitude and departure 
are found at sight under the bearing or course, if* 
less that 45 degrees ; or over it if more> and in a 
line with the distance. 

2. If a station consist of any number of chains 
and perches, and decimals of a chain or perch, 
under the distaiice 10, the lat. and dep. will b(5 
found as above> either over or under the bearing i 

as 
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the decimal point or separatrix being removed on^ 
figure to the left, which leaves a figure to Ae right 
to spare. 

If the distance be any number of chains or 
perches, and the decimal of a chain or perch, the 
lat. and dep. must be taken out at two or more . 
operations, by taking out the lat. and dep. for the 
chains or perches in the first place 3 and then for 
the decimal parts. 

To save the repeated trouble of additions, ajudi- 
eious surveyor will always limit his stations to whole 
chains; or perches and lengths, which can common- 
ly be done at every station, save the last. 

1. In order to illustrate the foregoing observa- 
tions, let us suppose a course or bearing to be S. 
35*. 21' E. and the distance 79 four-pole chains. 
Under SS^ 15', or 35^ degrees; and opposite 79, 
we find 64. 52 for the latitude, and 45. 59 the 
departure, which signify that the end of that sta- 
tion differs in latitude from the beginning 64. 52 
chains, and in departure 45. 59 chains. 

Note. We are to understand the same things if 
the distance is given in perches or any other mea- 
sures, the method of proceeding being exactly the 
same in every case. 

AgaiH, let the bearing be 54| degrees, and 

distance as before ; then over said degrees we find 

' the same numbers, only with this difference, that 

the lat. before found, will now be the dep. and 

the dep. the lat. because 54i is the complement 
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of 35i degrees to 90, viz. lat. 45. 59. dep. 64. 
52. 

2. Suppose the same course, but the distance 
7 chains 90 links, or as manj perches. Here we 
find the same numbers, but the decimal point must 
be removed one figure to the left. 

Thus, under S5i and in a line with 79 or 7.9, 
are 

Lat. 6. 45 
Dep. 4.56. 

the 5 in the dep. being increased by J, because the 
9 is rejected ; but over 54| we get 

Lat. 4*. 56 . ^ . 

Dep. 6. 45/ 

3. Let the course be as before, but the distance 
7.79> then opposite "' . 



7. 70 
9 


Lat. 6. 29 

7 


Dep. 


4. 43 
6 


7. 79 


' 6. 36 




4. 49 


r opposite 








7. 00 
. 79 


Lat. 5. 73 
. 64 


Dep. 


4. 03 
46 


7. 79 


6. 36 




4. 49 
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THEOREM II, 



When thejirst meridian passes through the map, 

If the tast meridian distances in the middle of 
each line be multiplied into the particular south- 
ing, and the west meridian distances into the 
particular northing, the sum of these products 
will be the area of the. map. 

Plate X. fig. L 

Let the figures abkm be a map, the lines, ab, bk 
to the southward, and km ma to the northward, 
NS the first meridian line passing through the first 
station a. 

The meridian) .zd x-ao la- a \ ^^ 

Pistanceseast) tu x ox (by) j "" ^ yaw 

The meridian Ve/xgr^ \^. \xp^ 

Distances west ^ hhy^ga (my) } )gl 

These four areas am + ow + xp + gl will be the 
area of the whole figure cmswiprlc, which is equal 
to the area of the map abkm. Complete the fi* 
gure. 

The parallelograms am sxid ow, are made of the 
east meridian distances dz and tu, multiplied into 
the southings aoandox. The pjarallelograms xp 
japid gl are composed of the west meridian dis- 



PALCULATION. 221 

tanc<es ef and A A, multiplied into the northings xg 
^xAga (my) but these four parallelograms are equal 
to the area of the map ; for if from them be taken 
the four triangles marked Z, and in the place of 
those be substituted the four triangles marked O, 
which are equal to the former; then it is plain the 
area of the map will be equal to the four paraU 
lelograms. Q. E. D. 



THEOREM III. 



Jf the meridian distance when east^ he multiplied 
into the southings^ and the meridian distance 
when west be multiplied into the northings^ the 
sum of these less by the meridian distance xvhen 
west multiplied into the southings^ is the area of 
the survey. 

Plate X. fig. 2. 

Let a 6 c be the map. 

The figure being completed, the rectangle aj 
is made of the meridian distance eq when east, 
multiplied into the southing an ; the rectangle yk 
is made of the meridian distance ajw, multiplied 
into the northings cz or ya. These two rectangles, 
or parallelograms, 4/*+ yky make the area of the 
figure dfnyikdy ffom which taking the rectangle 
oy, made 6l the meridian distance tu when west, 
into the southings oh or hm, the remainder is the 
area of the figure dfohikd, which i« equal to the 
area of the map. 
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Let boil — Y, urih -5= L, r/c— O, wrc^Z^ akw 
=K, and e/6= B, arfe=A. I say that Y + Z +B 
= K + L+A. 



Y=L + O, add Z to both, then Y + Z=L + O 
+ Z ; but Z + O e=K, put K instead of Z + O r 
then Y + Z = L + K, add fo both sides the equal 
triangles B and A, then Y + Z + B==L+K + A. 
If therefore B + Y + Z be taken from abCy and in 
lieu thereof we put L + K + A, we shall have 
the figure dfohikd= abc, but that figure is made 
up of the meridian distance when east, multiplied 
into the southing, and the meridian distance, when 
west, multiplied into the northing less by the meri- 
dian distance, when west, multiplied in the south- 
ing. Q. K D. 



COROLLARY. 

Since the meridian distance (when west) mul- 
plied into the southing, is to be subtracted, by the 
same reasoning the meridian distance when east, 
multiplied into the northing, must be also subtract- 
ed. 



SCHOUUM. 



From the two preceding theorems we learn how 
to find the area of the map, when the first meridi- 
an passes through it ; that is, when one part of the 
map lies on the east and the other on the west side 
of that meridian* Thus, • 
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Rule, 

The merid.\east f multiplied f southings) 
Dist.. when} west ( into the (northings) 
their sum is the area of the map. 

But, ; 

The merid. r east Vmultiplied ^northings) 
Dist. when (west ) into the ( southings} 

the sum of these products taken from the former, 

gives the area of the map. • 

These theorems are true, when the surveyor keeps 
the land he surveys, on his right hai^d, which we 
suppose thro^ the whole to be done ; but if he goes 
the contrary way, call the southings northings, and 
the northings southings, and the same rule will hold 
good. » . ' 



GENERAL RULE FOR FINDING MERI- 
DIAN DISTANCES. 



1. The meridian distance and departure, both 
cast, or both west, their siim is the meridian dis- 
tance of the sanie name. 

2. The meridian distance and departure of differ- 
ent names ; that is, one east and the other west, 
their difference is the meridian distance of the same 
name with the greater. ' 
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Thus in the first method of finding the area, tlUi 
in the following field-book. 

- The first departure is put opposite the north- 
ing or southing of the first station, and is the first 
meridian distance of the ^ame- name. Thus if 
the first departure be east, the first meridian dis- 
tance will be the same as the departure, and east 
also ; and if west, it will be the same way. 

The first meridian distance 6.61 E. 
The next departure 6.61 E, 



The second meridian distance 13.22 E* 
The next departure 1.80 E- 



The third meridian distance 15.02 E* 



At station 5, the meridian distance 5.78 E- 
the next departure 7«76 W- 



The next meridian distance 1.98 W. 



At station 11, the meridian distance 0.12 W. 

The next departure 5.84 E. 

. _.___ * «• 

The next meridian distance 5.72 E. 



Plate X. fig. S. 

In the 5th and 11th stations, the meridian dis- 
tance being less than the departures, and of a con- 
trary name, the map will cross the first meridian, 
and will pass as in the 5th line, from the east to 
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the west line of the meridian ; and in the 11th 
line it will again cross from the east to the west 
side, which will evidently appear, if the field-work 
be protracted, and the meridian line passing through 
the first station, be drawn through the map. 

The field-book cast up by the first method, will 
be evident from the two foregoing theorems, and 
therefore requires no further explanation ; but to 
find the area^ by the second me thod^ take thi« 

Rule. 

When the meridian distances are east, put thfc 
products of north and south areas in their proper 
columns; but when west, in their contrary columns; 
that is, in the column of south area, when the dif- 
ference of latitude is north ; and in north when 
south : the reason of which is plain, from the two 
last theorems. The difference of these two columns 
will be the area of the map. 



St* 
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Field' Boo ky Method /. 



No. 
St. 



Bearirngs. 



NE 75 



C. L. 



2 



NE20^ 



East 



13.70 



10.30 



Lat. and 
half Dep. 



3.54 
6.61 



N 
E 



16.20 



35.30 



S 29.44 
W 9.74 



9.67 
1.80 



0.00 
8.10 



Meridian 
Dist. 



6.61 E 
13.22 E 



15.02 E 
16.82 E 



24.92 E 
83.02 E 



23.28 E 
13.54 E 



Area. 



685.3632 



Deduct. 



23.3994 



144.9430 



SW7e 



16.00 



S 

w 



3.87 
7.76 



5.78 E 
1.98 W 



22.3686 



North 



9.00 



N 9.00 
0.00 



1.98 W 
1.98 W 



17.8200 



SW 84 



11-60 



S 

w 



1.21 
5. 



7T13 



7.75 W 
.52 W 



9.3775 



8 



NW53i 



11.60 



N 6.94 
W 4.64 



18.16 W 
22.80 W 



126.0304 



9 

10 
11 



NE 56i 



19,20 



N 15.38 
E 5.74 



17.06 W 
n.32W 



262.3828 



NE 22} 



14.00 



N 12.93 
E 2.68 



8.64 W 
5.96 W 



111.7152 



SEiei 



12.00 



2.75 
5.84 



0.12W 
5.72 E 



12 



SW 15 



10.85 



S 10.48 
W 1.40 



4.32 E 
2.92 E 



45.2736 



0.3300 



13 



SW161 



10.12 



S 9.69 
W 1,46 



1.46 E 
0.00 



14.1474 



1285.1012 
178.0499 



178.0499 



Content In Chains^ 



1107.0513 
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It is needless here to insert the columns of 
biearing or distances in Chains, being the same as 
before. 



W 



No. 
SI. 


{■A L and 
ha]f t>ep. 


1 Meridian i N, Atta. 


S. Arei. 


1 

3 


N 3,54 6.61 E 
E 6.61 13.22 E 


23.3994 




N a65[ 15.02 E 
E 1.80| 15.82 E 


1 44.9430 




0.00 
E 8,10 


24.92 E 
33.02 E 






4 
5 

6 


S 29.44 
W 9.74 


23/28 E 
13.54 E 




685.3632 


S 3.87 
W 7-76, 


5*78 E 
1.98 W 




22.3686 


N 9*00 
0.00 


1.98 W 
K98 W 




17.8200 


7 


S L21 
W 5-77 


7-75 W 
13.52 W 


9.8775 




8 


N 6.94 
W 4.64 


18.16 W 
22*80 W, 




126.0303 


9 

10 


N 15.38 
E 5-74 


17.06 W 
11.32 W 




262.3828 


N 12.93 
E 2.68 


8.64 W 
5.96 W 




111.7152 ; 


ill 


S 2.75 
E 5,84 


0.12 W 

5.72 E 


0.3300 




IS 
IS 


S 10.48 
W 1.40 


4.32; E 
2*92 E 




45.2736 


S 9.69 
W 1.46 


1*46 E 
0,00 




14J474 


ii%.o^m 


1284.1012 
178.0499 




Area m C 


!^hains, aj 


before, 


1107.0513 jj 
— —-M 
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The Construction of the Map from either the 
\st or the 2d Table. 



Plate X. fig. 3. 

Draw the line NS. for a north and south line, 
which call the first meridian; in this line assume 
any point, as 1, for the first station. Set the 
northing of that stationary line, which is 3.54, 
from 1 to 2, on the said meridian line. Upon 
the point 2 raise a-perpendicular to the eastward, 
the meridian distance being easterly, and upon it 
set 13.22, the second number in the column of 
meridian distance, from 2 to 2, and draw the line 
1 2, for the first distance line: from 2 upon the 
first meridian, set the northing of the second sta- 
tionary line, that is, 9 65 to 3, and on the point 
3 erect a perpendicular eastward, upon which 
let the meridian distance of the second station 
16.82, from 3 to 3, and draw the line 2 3, for 
the distance line of the second station. And 
since the third station has neither northing nor 
southing, set the meridian distance of it 33.02, 
from 3 to 4, for the distance line of the third sta- 
tion. To the fourth station there is 29.44, south- 
ing, which set from 3 to 5 ; upon the point 5, erect 
the perpendicular 5 5; on which lay 13.54, and 
draw the line 4 5. 

In the like manner proceed to set the northings 
and southings on the first meridian, and the meri- 
dian distances upon the perpendiculars raised to 
the east or west ; the extremities of which connect* 
ed by right lines, will complete the map. 
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A SPECIMEN OF THE PENNSYLVANIA 
METHOD OF CALCULATION; WHICH, 
FOR ITS SIMPLICITY AND EASE, IN 
FINDING THE MERIDIAN DISTANCES, 
IS SUPPOSED TO BE PREFERABLE IN 
PRACTICE TO ANY THING HERETO- 
FORE PUBLISHED ON THE SUBJECT, 

FIND in the first place, by the following ta- 
bles, the lat. and dep. for the several courses 
and distances, as already taught ; and if the sur- 
vey be truly taken, the sums of the northing 
and southings will be equal, and also those of the 
eastings and westings/ Then 11:1 the next place, 
find the meridian distances, by choosing such a 
place in the column of eastings or westings, as 
will admit of a continual addition of one, and 
subtraction of the other; by Which meanf; we 
avoid the inconvenience of changing the defiomi- 
nation of either, of the departures.; 

The learner must not expect that in real prac- 
tice the columns of lat. and those of dep. w^ill 
exactly balance when they are first added up, 
for little inaccuracies will arise, both from the ob- 
servations t^en in the field, and in chaining; 
which to adjust, previous to finding the meridian 
. distances, we may observe. That if, in small sur- 
veys the difference amount to two tenths of a 
perch for every station, there naust have been some 
error committed in the field; and the best way 
in this ease, will be to rectify it on the ground by 
a re-survey, or at least as much as will discover 
the errpr. But when the differences are within 
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those limits, the work may be balanced iii the 
following manner : on a slate, or separate piece 
of paper, find the lat. and dep. to each course 
and distance, as in the following example, ob- 
serving to add an half of the differences to the 
numbers in the lesser column, and to subtract it 
from those of the greater, in such mariner, as that 
the numbers may be altered nearly in proportion, 
to their corresponding distances. 
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Th6 latitudes and departures being thus ba- 
lanced, proceed to insert the meridian distances 
by the above method, where we still make use 
of the same field notes, only changing chaiiKs 
and links ^ into perches and tenths of a perch. 
Then by looking along the column of departure, 
it is easy to observe, that in the columns of easting, 
opposite station 9, all the eastings may be added, 
and the westings subtracted without altering the 
denomination of either. Therefore by placing 46.6 
the east departure belonging to this station in the 
column of meridian distances, and proceeding to 
add the eastings and subtract the westings, ac- 
cording to the rule already mentioned, we shall 
find that at station 8, these distances will end in 0, 
or a cypher, if the additions and subtractions be 
rightly made. Then multiplying the upper meri- 
dian distance of each station by its respective north- 
ing or southing, the product will give the north 
or south area, as in the examples already insisted 
on, and which is fully exemplified in the annexed 
specimen. When |hese products are all made out, 
and placed in their respective columns, their differ- 
ence will give double the area of the plot, or twice 
the number of acres contained in the survey. Di- 
ride this remainder by 2, and the quotient thence 
arising tiy 160 (the number of perches in an acre) 
then will this last quotient exhibit the number of 
acres and perches contained in the whole survey j 
which, in this example, may be called 110 acres^ 
103 perches, or 110 acres, 2 quarters, 23 perchet^ 



/ 
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FIELD NOTES, 

Of the two foregoing Methods, as practised 
in Pennsylvan ia . 

Cast up by perches and tenths of a perch. 



N 

1 

2 
3 
4 
5 
6 
7 


Courses. 


Dist. 


N. 


S. 


S. 


. w. 


M. D. 


N. Area. 


S. Area. 


N 75.00 E 


54.8 


14.2- 




52.9 




235.3' 
288.2 


3341.26 




N 20.30 E 


41.2 


38.6 




14.4 




302.6 
317.0 


11680.36 




East. 


64.8 






64.8 




381.8 
446^ 






S 33.30 W 


14.12 




117.7 




77.9 


368.7 
290.8 




43395.99 


S 76.00 W 


64.0 




15.5 




62.1 


228.7 
166.6 




3544.85 


North. 


36.0 


36.0 








166.6 
166.6 


5977.60 




S 84.00 W 


46.4 




4.9 




46.1 


120.5 
74.4 




590.45 


8 


N 53.15 W 


46.4 


2?.8 






37.2 


37.2 
00.0 


1034.16 


\ 


9 


N 36.45 E 


76.8 


61.5 




46.0 




46.0 
92.0 


2829.00 




10 


N 22.30 E 


56.0 


51.7 




21.4 




113.4 
134.8 


5862.78 




n 


S 76.45 E 


48.0 




11.0 


46.7 




181.5 

228.2 




1996.50 


12 


S 15.00 W 


43.4 




41.6 




11.2 


217.0 
205.8 




9092.30 


13 


S 16.45 W 


403 




38.8 




11.7. 


197.1 
182.4 




7531.08 




229.8 


m.9 


246.2 


246.2 




30745.16 


66151.17 
30745.16 






2 


35406.01 


Area in Pe 


K^es 




ss 










^ 









J 
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SECtlON VI. 



Containing the Nature of Off-sets and Intersec-^ 
tions ; the Methods of enlarging^ or diminish- 
ing^ and connecting Maps; the Variation of the 
Compass and its Uses in Sumeying; the whole 
concluding with some necessary- directions con'!' ' 
cerning Surveys m general. 



OF OFFSETS. 



IN takiog surveys it is unnecessary and unustlal 
. to make a station at every angular point, be- 
cause the field-work can be taken with much greater 
expedition, by using ofF-sets and intersections, and 
with equal certainty ; especially wher6 creeks, &c. 
bound the survey. 

Off-sets are perpendicular lines drawn or mea- 
sured from the angular points of the land, that lie 
on the right or left hand to the stationary distance^ 
thus, 

Plate XI. fig! a: 

Let the black lines represent the boundaries of 
a farm or township: and let 1 be the first station^ 
then if you have a good view to S^t omit the 

2 « 
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angular points between 1 and 2, and take the 
bearing and length of the stationary line 1, 2, and 
insert them in your field-book: but in chainuig 
from 1 to 2> stop at d opposite the angular poiat 
a, and in your field-book insert the distance from 
1 to d, which admit to be 4C. 25L. as well as the 
measure of the ofF-set ad, which admit to be IC. 
12L. thus: by the side of youlr field-book in a 
line with the first station, say. at 4C. 25L. L. IC. 
12L. that is, at 4C. 25L. there is an off-set to the 
left-hand of IC. 12L. 

This done, proceed on your distance line to e 
opposite to the angle b, ana mea'sure eb, supposing 
then 1 e to be 7C. 40L. and eb SC. 40L. say (still 
in a line with the first station in your field-book) 
*^at 7C..40L. L. SC. 40L." that is, 7C. 40L. 
there is an off-set the left of 3C. 40L. proceed then 
with your distance line to / opposite to the angle 
c, ^pd measure/c; suppose then 1/tobe Id.C.and 
fc IC. 25L. say in the same line as before, at 13C. 
L. IC. 25L. Then proceed from /to 2, and you 
will have the measure of the entire stationary 
line 1, 2, which insert in its proper column by the 
bearing. • 

In taking off-sets, it is necessary to have a perch 
chain, or a staff of half a perch, divided into links 
for measuring them; for by these means the chain 
in the stationary line is undisturbed, and the num-* 
ber of chains and links in that line from whence^ 
or to which, the off-sets are taken, may be readily 
known. 

Having arrived at the second station, if you find 
your view will carry you to 3, take the bearing 
from 2 to 3, and in measuring the distance line^ 
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§top at I opposite^.; admit 2/ to be 4C. lOL. 
and the ofF-set Ig IC. 20L. then in a line with 
the s.econd -station in your field-book, say at 4C. 
lOL. R. IC. 20L. that is, the off-set is a right hand 
one of IC. 20L. Again at m, which suppose to be 
lOC. 25L. from 2; take the*off.set mk of IC. 
15L. and in a line with the second station, say at 
lOC. 25L. R. IC. 15L. In the same* line when you 
come to the boundary at 2, inBert the distance 2?, 
13C. lOL. thus, at JSC. lOL. 0; that is, at ISC. 
16L, there is no off-set. At w, which is 15C. from 
2, take the off-set nk 45L. and still opposite to the 
Second station say at 15C. L. 45 L. 

Let the line, 3, 6, represent the boundary, which 
by mean& of. water, briers, or any other impedi- 
ment cannot be measured. In this case make one 
or more stations within or without the land, where 
the distances maybe measured, and draw ^ line 
from the beginning of the first to the end of the 
last distance, thus; make stations at 3, 4, and 5, 
taking the bearings, and me^^suring the distances 
ius usual, which insert in your field-book, and draw 
a mark like one side of a parenthesis, from the third 
to the fifth station, to show that a line drawn from* 
the third station to the furthest end of the fifth sta- 
tionary line will express the boundary. Thus, 

No. Sta. Deg. Ch. L. 

f3 1721 5.45 

4 200 13.25 

3 250- 5,36 

Suppose the point p of the boundary to be inac- 
cessible, by means of the lines 6p or p7^ being 
overflowed, or that of a quarry, furze, &c. might 
pr#rent you taking their lengths: in this case 
take the bearing of the line 6,7, which insert op- 
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posite to the sixth station in your field-book with 
the other bearing; then direct- the index to the 
point p, and insert its bearings on the left^ side of the . 
field-book, opposite to the sixth station, annexing 
thereto the words^ Int. for boundary ^ and having 
measured and inserted the distance 6, 7, set the in- 
dex in the direction of the line 7/>| and insert its 
bearing on the left of the seventh* station of the 
field-book, annexing thereto the words Int. for 
boundary ; the crossing or intersection of these two 
bearings will determine the point p, and of course 
the boundary 6p7 is also determined. 

If your view will then reach in the first station, 
take its bearings, stationary line, and off*-sets> as be- 
fore, and you have the field-book completed. Thus. 



The Field'Bopk. 
Remarks & Inters. %l Deg. G. L. 



Ofl-Sets. 



3l8lnt. toatower 



2SUInt. to ditto 



1358 



297i 



22.12 



22.12 



At 4 C. 25L. L. IC. 12L. at 
7C.40L. L.3C.40L.at 
13C. L. 1 C. 25U 



At4C.10L.R.JC.20t.at 
IOC. 25L. R. 1 C. 51L? 
at 13C. lOL. 0. at 15C. 
L.45L. 



( 



\S5^ Int. for boun. 
274 Int. for ditto. 



172^ 

200 

250 

125 

\05\ 



5M 
13.25 

3.3& 
15.15 
15.1X) 



AtlC.30L.L.fC.2eL.st 
7C. 45L.L.2C.32L.»I 
llC.%L.8.atI%.25L. 
R.Sdb. 



uose a[ me nrsi sanon. 

If you would lay down a towerj house, or any 
ptjier reiparkable object in its proper place ; from 
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any two stations take bearings to the object, and 
their intersection will determine the place where 
you are to insert it, in the manner that the tower 
is set out in the figure, from the intersection taken at 
the first and second stations of the above field-book. 
A protraction of this will render all plain^ on 
which lay off all your ofF-sets and intersections, and 
proceed to find the content by any of the methods 
in section the 4th. 

The foregoing Jield-book may be otherwise kept^ 

thusy 



Remvk&and Intersection. 



318 Int. to a tower 



232ilnt. for ditto 



\55\ In. for bound. 
274 Int. for bound. 



No. 
St. 



k 



358 



iL. Hand nktaiKv "■ Hand' 
Dej. omct 'J^JJT' Offset 
Ch. L. I '="•'- Ch. L. 



297| 



1721 
200 
250 
125 



105 



1.12 
3.40 
1.25 



0.45 



2.20 
2.32 



4.25 

7.40 

18.00 

22.12 



4.10 
10.25 
13.10 
15.00 
21.21 



5.45 
13.25 

3.36 
15.15 



1.20 

7.45 

11.25 

12.25 

15.10 



1.20 
1.15 



0.36 



2Sg OF OFF-SETS. 

How to cast up off-sets by the pe?i. 
Plate XL % 2. 

I, 2_l/=2/^l<r=/e, le—ld^ed. 

Then ldy^ida=lday by prob. 6, page 185> 
. and ^ erf X rfa + fc^hefc^ and 2/ x ^c = c/9 ^ the 
sum of all which will be labc^l ; the area con- 
tained between the stationary line, 1, 2, and the 
boundary, 1 abb 2. 

In the same njanner you may find the area of 
2/A^2 of ZitSi, as well as what is without and with- 
inside of the stationary line 7, 1. 

If therefore the left hand ofF-sets exceed the 
right hand ones, it is plain, the excess must be 
added to the area w^ithin the stationary lines, but 
if the right hand ofF-sets exceed the left hand ones,- 
the difference must be deducted from the said area ; 
if the ground be kept on the right hand as we hai^ 
all along supposed -, or in words thus ; 

-' $ 
Tojind the contents of off-sets. 

1. From the distance line, take the distance to 
the preceding off-set, and from that, the distance of 
the one preceding it, &c,' in four-pole chains ; so 
will you have the respective distances from off-set to 
off-set, but in a retrograde order. 

2. Multiply the last of these remainders by i 
the first off-set, the next by J the sum of the 
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first and second, the next by half the simi.of the se- 
cond and third, the next by half the sum of the 
third and fourth, &c. iThe sum of these .will be 
the area produced by the off-sets. 

Thus, in the foregoing field-book, the first sta- 
tionary line 22C. 12L, or llC. 12L.< of four- 
pole chains. See the figure. 

C. L. C- L. C, Xi. 

From 11.12=1,2 6,50=1/ 3,90^1<? 

Take 6.50=1/ 3-90=l(? ±^5— Id 



4.62 — 2/ 2.60 = </ lS5,^d 



Ch. L. 
lrf = 2.25 XS2 L. half the first off-iset— .7200 
€d=l.65 X IC. 26JL.i the sum of the 1st & 2d 2.0790 
<?A=2.60 X IC. 32L. i the sum .of 2d and 3d S.4320 

:3/^t 4 J^:i X i: : ; . half the last off^set » 1.7094 

Coiituin of 1 :: ff-sets on the first dist. . 

ill square fonr-pole chains 7-9404 

, la like manner the rest are performed. 

The sun^ of the left hand off-sets will be 14.0856 

Ami the sum of the right hand ones 3.6825 

Excess pf left hiiud off-sets in squ. 4 poleC. 10.4031 
< Acres 1.04031 



,16124 

4 



Perches 6.4496 



Excess of left hand off-sets above the right hand 
ones, lA. OR. 6P, to be addied to the area within 
the stationary lines. , 
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Hou) to find the area of a piece of Ground by in^ 
ter sections only, when all the angles of the field 
can be seen from any two Stations on the out' 
side of the ground. 

PFateXILfig. 1. 

LET ABCDEFG be a field, H and I two places 
on the outside of it^ from whence an object at 
every angleof the field may be seen. 

Take the bearing and distance betwieerTH and 
I, set that at the head of your field-booK, as in 
the annexed one. Fix your instrument at H, 
from wheuQB take the bearings of the several an- 
gular points A, B, C, D, &c. as they are here re- 
presented by the lines HA, Hfi, HC, HD, &pv 
Again fix your instrument at I, and take bearing^ 
to the same angular points, represented by theN^inQs 
lA, IB, iC, ID, &c. and let the first bearf ^ 
be entered in the second column, and thie secv*^ 
bearings in the third column of your field-book;' 
then it is plain that the points of intersection mada 
from the bearings in the second and third columns 
of every line, will be the angular points of the field 
or the points A, B,C, D, &c. which point being 
joined by right lines, will give the plan ABCDEr 
GHA required. 
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Bea. 180 Dif. S8C. of the Sta. H. and I. 




No. 


Bear. Beiar. 






A 


2611 


83 li 


■ 




B 


2651 


317i 




> 


C 


248 


307i 






D 


238^ 


289 






E 


215i 


262^ 






F 


208i 


286i 






G 


220 


SOO 


■"■ 



. The same may be done from any two stations 
within side, of the land^ from whence all the angles 
of the field can be seen. 

This method will be found useful, in case the star 
tionary distances from any causQ prove inaccessible^ 
or should it be required to be done by one party^ 
when the other in whose possession it is^ refuses to 
admit you to go on the land. 



To find the content of afield 6y calculation^ which 
was taken by intersection. 

. In the triangle AI|i> the angles AHI^ AIH» 
aiul the base HI being known, the perpendicular 
Aa, and the segments of the base Ha, Almay be 
obtained by trigonometry : and in the same man- 
ner all the other perpendiculars B&, Cc, Drf, E^, 
IBfy G^, and the several segments at 6, c, df, e, /, 
and g : if tlierefore the several perpendiculars be 
supposed, to be drawn into the scheme (which are 
here omitted to prevent concision arising from a 
multiplicity of lines) it is plain that if from 6BCI)^^, 
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there be taken bBAGFeb, the rem2di»ier will be 
the map^BCDEFGA; 

As before half the sum of Bft, and Cc multiplied 
by be, will be the iarea of the trapezium bBCc s 
after the same manner^ half the isum of Cc, and Dd, 
multiplied by erf, will give the area of the trape-' 
zium cCDrf J and again, half the sum of Drf, and 
E^ multiplied by de, gives the-area^ of the trape- 
zium rfDE<f ; and the sum of these three trapezia 
will be the area of the figure bBCDeb. 

Again, in the same manner, half the sum of B^ 
mkdAa multiplied by ah, will give the iu*ea o{ the 
trapezium bBAaj and half the sum of a A, and 
gG, by ag, gives the trapezium aAGg ; to these 
add the trapezia ^GI^, and/FE(?, which are found 
in the like manner, 'and you will have the figure 
iBAGFE^ft, and this taken from hBCDch. will 
leave the map ABCDE^GA. Q. E. D. 

It will be sufficient to protract this kind of work, 
and from the map to determine the area as well 
as in plate X. fig- 3- to find the areas of the pieces 
3, 4, 5, 6, 3, and 6^ 7, 7> 6* from geometrical con- 
structions. 



Sow to determine the stalioii where a fault has 
been cdmmitted in afield-book^ without the trou- 
ble of going round the whole ground a second 
time. 

\ From eyery fourth or ^h, station, if they be not 
very Jong ones, orofleiier if they are, let an inter- 
section be taken to any object, as to any particular 
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|Kirt of a castle, faoui^/ or cock of hay, &c. or if all 
these be wanting, to a long staff with a white 
sheet or napkin aet thereon to render the object 
tnore conspicuous, and let this be placed on the 
summit of the land, and let the respective inter- 
sections so taken be inserted on the left hand side 
of the field-book, opposite to the stations from 
whence they were respectively taken. 

* • ■ •< 

In your protraction as you proceed, let every 
intersection be laid off from the respective stations 
from whence they were taken, and let these lines 
be continued ; if they all converge or meet in one 
point, we thence conclude all is right, so far as 
they do converge s but if we find a line of interseb- 
tion to diverge or fly off from the rest ; we may 
be sure that either a mistake has happened be- 
tween the station the foregoing intersection was ta- 
ken at, and the station from whence the intersec- 
tion line diverges, or there must be an error in the 
intersection ; but to be assured in which of these 
the fault is, protract on to the next intersection, 
and having set it off, if it converges with the rest, 
tho* the foregoing one did not, we may conclude 
the fault was committed in taidng the last inter- 
section but one^ and none in any station, and that 
so far is true as is protracted; but if this as well as 
the foregoing intersection diverge, or fly from the 
point of concourse or converging point of the rest, 
the error must have its rise from some station or 
stations, at or after that, from whence the last con- 
verging intersection line was taken : so that by go- 
ing to that station on the ground and proceeding oit 
to that where the next, or from whence the follow- 
ing diverging intersection was taken, we can readi- 
ly and with little trouble set all to rights. 
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: But in most tracts of land^ one c^jeot i^a:»lot 
be seen ifrom every station^ or fr<»n p^h^s OQe 
fourtbof them; in this case we are luieler the ne* 
cessity to move the pole after we begin to lose 
sight of it^ to some other part of <lie la^d, :wbere 
it may be seen from as many more stations as pos^ 
sible; which is easily done by viewipg the bouiidar 
ry before it be surveyed : the pole then being fix6d 
in an advantageous {dace» the first intersection to it 
is best to be made from the same station from 
whence the last one was taken> and then as oflen 
as may be thought convenient; as before ; in hTje 
manner the whde maybe done by the removal of 
the pole. 

When we here speak of stations^ we do not mean 
such as are usually taken at every particular angle 
of the field : for it is to be appreheiwled, that every 
skilfiil surveyor^ partioiilarly isuch who use calcu- 
lation, will take tl^e lon^st distances possibky not 
only to lessen the number of stations^ for the ease 
of either protraction or calculation, but with greater 
certainty to account for the land passed by, on 
the right hand or on the left, which is taken ' by 
off-sets : and surely it will be allowed that any mea- 
sure taken on the ground and the content thence 
arithmetically computed, will be much more accu^ 
rate than that which is obtained fcota any geome* 
trical projecti<Hi. 

From what has been said it is plain, that from 
this method any fault committed in a survey can 
be readily determined, and therefore must be much 
preferable to th^ present method of taking diago- 
nals, or the bearings and lengths of lines across 
land, to accomplish that end ; which last method 
is too frequently used by surveyors to approxitnaW 
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or arrive near the content^ which will ever remain 
uncertain^ let these diagonals be ever so many^ 
till the station or stations jvherein the error or 
errors were committed^ be found ; and the fault 
or faults be corrected. 

Where one diagonal is taken, it may perhaps close 
or meet with one part of th^ survey and not with 
the others in this case, if the surveyor would dis- 
cover his error, he must survey that part of the 
land which did not close, and this itiay be half or 
more, of the whole. And should the diagonal close 
with neither part, but be too long, or too short, m 
should it fall on either side of the assigned point it 
was to close with, he ought to go over the whole^ 
and make a new survey of it in order to discover 
his error. 

A number of diagonals are frequently taken, the 
sunj of the lengths of which very often exceeds the 
circuit of the ground, and after all they are but ap- 
proximations, and the content remains uncertain as 
before ; therefore he who returns a map, made up by 
tljie assistance of did.gonals, where there remains a 
misclosure in any one part, runs the risque of being 
detected in an error, and must suffer uneasiness in his 
mind, as he cannot be certain of the return he makes* 

The frequent misdosures which are botched up by 
diagonals, occasion the many and frequent scanda- 
lous broils and animosities between surveyors, which 
tend to the loss of character of the one or the other, 
and indeed often to the disrepute of both, as well 
as to that of the science they profess. 

But these may be easily renjedied by intersec- 
sions, and the bearing or line to be adjusted where 
the fault was committed, and till this be found, no* 
thing can be certain. 



TO ENLARGE OR DIMINISH MAPS, 



'Bow to cnlnrgfi or diminish a Mapy or how to re^ 

ducc a Map from one Scale to another ; also the 

Manner of uniting separate Maps of Land 

which join each other, into one Map of any as^ 

' signed size. 

LAY the map you would enlarge, over the pa- 
per on which you would enlarge it, and with a 
fine protracting pin, prick thro' every angular point 
of your map, join these points on your paper (lay- 
ing the map you copy before you) by pencilled or 
popped lines, and you have the copy of the map 
you are to enlarge : in this maimer any protraction 
may be copied on paper, vellum, or parchment, for 
a fair map. 

If you would enlarge a map to a scale which f» 
double, or treble, or quadruple to that of the map to 
be enlarged, the paper you must provide for its en- 
largement muspt be two, or three, or four tiroes as 
long and broad as the map ; for which purpose in 
large things you will find it necessary to join several 
sheets of paper, and to cement them with white 
wafer or p^e, but the forqier ii^ best. 

T.^j(^h upon «,ypoi..i„ your cop^^p 
for a cenWe; from whence if distances be taken to 
its extreme points, and thence if those distances be 
set in a right line with (but from) the centre, and 
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these last points iall witl)in your pape^ the map; 
m^y be increased on it to a sdlle as large again as. 
Its own s and if the like distance be again set 
outwards in right lines from the. centre^ ^nd if 
these last points fail within your paper, it will con- 
tain a map increased to £^ scale three times as large 
as its own. 

Plate XII. fig. 2. 

Let the pricked or popped lined represent the 
copy of a down or old survey, laid, down by a 
scali of 80 perches to an inch,* and let it be re- 
quired to enlarge it to one laid down by 40 to an 
inch. 

Pitch upon your centre as 0, from whence thro' 
a lay the fiducial edge of a thin ruler, with a 
fine pointed pair of compasses, take the distance^ 
from a to the centre ©, and lay it by the ruler's 
edge from ^ to A : in the like manner take the 
distance from the next station b to the centre 0, 
and lay it over in a right line from b to B, and 
join the points A and B by the right line AB ; in 
the like manner set over the distance from every 
station to the centre, from that station outwards 
and you will have every point to enlarge ^o ; the 
joining *of these constantly as you go on by right 
lines, will give you the enlarged map required. 

In taking the distance from every station to 
the centre, set one foot of the compasses in the 
station, and the other very lightly over the oen- 
tre-point, so lightly as scarcely to touch it, other- 
wise the centre-point will become so wide, that it 
may occasion several errors in the enlarged map : « 
for if you err from the exact centre but a little, 
that error will become double, or treble, or quad* 
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ruple, as ydii enlal'ge to a^ scalk that is dduble, w 
treble, or quadrupref of the given one ; therefore 
great accuracy is r^liired in enlarging a map. 

When you have done with a station, give a dash 
Virith a pen or pencil to it', such ^ at the station a 
And 6 ; by this means yoii cannot be disappointed 
in missing a station, or in laying your nuer over 
one station twice. 

From what hds been said it is plain^ that if a map 
is to be enlarged to one whosQ scale is double the 
giveri one, that the distances from the respective 
stations to the centre, being set over by the rulerV 
€idge, will give the points for the enlarged one. 
And thus may a map be enlarged from a scale of 
160 to one of 80, from one of 80 to one of 40, 
from one of 20 to one of 10 perches to an inf^h, &c. 
For to enlarge to a scale tha^; is double, the number 
of perches to an inch for the enlarged map, must 
be half of those to an inch for that to be enlarged : 
to enlarge to a scale that is treble the given one, 
the number of perches to an inch for the enlarged 
map, will be one. third of those for the other j if 
to a scale that is Quadruple the given one, the num-^ 
ber of perches to an inch for the enlarged map, 
will be one fourth of those for the other, &c. there- 
fore if you would enlarge a map which is laid down 
by a scale of 120 perches to an inch, to one of 40 
perches to an inch, the distance from the several 
stations to the centre, being set twice beyond the 
said station, will mark out the several poinb^ re^ 
quired, for these points will be three times further 
from the centre than the stationary points of the 
map are. 

[ In the same manner, if ydu would enlarge i^ 
map from a scale of 160, to one of 40 perches 
to an inch, the distance from the several stations 
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to the centre, being set three times beyond sg^id 
stations; will lay out the points for your enlarged 
map, for these points will be four times further 
from the centre than are the stations of the map. 

When a map is enlarged to another, whose scale 
is double, or treble, or quadruple, &c. of the given 
one, every line, as well as the length and breadth 
of the enlarged knap, will be double, or treble, or 
quadruple, &c. those of the given one, for it must 
be easy to concteive that those maps are like : but 
the area, if the scale be double, will be four times 5 
if treble, nine times : if quadruple, siijcteen times 
that of the given figure ; that is, it will contain 
four, nine, or sixteen times as many square inches 
as the given one (for it has been shewn that like 
polygons are in a duplicate proportion with the 
homologous sides.) Yet these figures being cast 
up by their respective scales, will produce the same 
content. 

Thus much is sufficient for enlarging maps, and 
from hence, diminishing of them will be obvious j 
for one fourth, one third, or half the distances 
firom the several stations to the centre, will mark 
out points, which if joined, will compose a map 
similar to the given one, whose scale will be four 
times,^ three times, or twice as small as the given on^. 

Thus, if we would reduce a map from 40 to 80^ 
from 20 to 40, from 10 to 20 perches to an inch^ 
^c. half the distance of the stations fi'om the cen- 
tre will give the points requisite for drawing the 
map; if we would reduce from 40 to 120, from 20. 
to 60, from 10 to SO perches to an inch, &c. 
one third of the distances to the centre, will give 
the points for the map; and if we would reduce 

2i 
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fhim 40 to 1 60; from 20 to 80, from 10 to 4a 
perches to an inch, &c. one fourth of the dis* 
tances to the centre, will give the points for the 
map. 

By the methods here laid down I have reduced a 
map from a scale of 40 to one of 210 perches to 
an inch, which contained upwards of 1200 acres^ 
and consisted of 224 separate divisions, without the 
least confusion from the lines; for none can 
arise if the methods here laid down be strictly ob- 
served. 

, I have also from the same methods reduced a 
large book of maps, each of which was an entire 
skin of parchment^ and the whole contained up- 
wards of 46000 acres, to a pocket volume ; and af- 
terwards connected all these maps into one map, 
which was contained in one skin of parchment : 
therefore lipon the whole I do recommend these 
methods ior reducing maps to be much more accu- 
rate than apy of the methods commonly used, such 
as squaring of paper, using a parallelogram, pro- 
portional compass^, or any other method I ever 
met with, though the figures to be reduced were 
ever so numerous, irregular, or conaplicated. 

How to unite separate maps of lands which 
join each othevy into orle map of any assigned 
» size. 

If there be several lai^e maps contained m a 
book, each of which suppose to take up a skin 
of parchment, or a sheet of the largest paper ; 
which maps of land join each other ; and it be 
required to reduce them to so small a scale, that 
all of them when Joined together may be contained 
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in one skin, half a skin, or any assigned sized piece 
oi parchment, or paper. 

Having pricked off and copied the several maps 
on any kind of paper, unite them by cutting with 
sciteors along the edge of one boundary which is 
adjoining the other, but not cutting by the edge 
of both, and throw aside the parts cut off; then 
lay these together on a large table, or oh tlie 
floor, and where the boundaries agree, they will fit 
in with each other as indentures do ; and after this 
manner they are easily connected : measure then 
the length and breadth of the entire connected 
maps, and. the length and breadth of the parch-* 
i^ent or paper you are confined to ; if the former 
be three, four, or five times greater (that is, longer 
and broader) than the latter, reduce each copied 
map severally tp a scale that is three, or four, or 
five times less, as before; and the same parts of 
the boundaries you cut by in the large maps, by 
the same you must also cut in small ones, and unite 
the small as the large ones were united ; cementing 
them together with white wafer : thus will your map 
be reduced tb the assigned sijze, which copy over fair, 
on the parchment, or paper you were confined to. 

But it is not always that a person is confined to 
a given area of parchment, or paper ; in such cases, 
if there are many large maps to be united into one, 
reduce each of them severally to a scale of 160 
perches to an inch, and unite those by the conti- 
guity or boundaries, as before : or if you have a 
few, it will be sufficient to reduce them to a scale 
of 120, &c. But having the maps given, and the 
scale by which they are laid down, your reason will 
be sufficient to direct you to know, what scale they 
should be reduced to. 



THE 



VARIATION OF THE COMPASS. 



And how to Jind it by Amplitudes or Azimuths of 
the Sun^ 

l.TT was before observed, that the needle does 
X not point truly to the north or south points of 
the horizon: the number of degrees therefore^ 
that the points of the needle are from the north or 
south points of the horizon, is called the variation 
of the needle^ or compass, 

This variation differs widely in many places ; for 
in some, the needle will point several degrees on 
the west side of the north ; at others there will be 
little or no variation, and again, , at others it will 
point several dfsgrees on the east side ; in the same 
place it differs sensibly in a few years : the true 
cause or theory of which, has not hitherto been dis- 
covered or explained for want of a sufficient num- 
ber of observations. 

3. The globe of the earth revolves round its axes 
in twenty-four hours front west to east, and hence 
all celestial bodies seem to move from east to west. 

3. The extremities of the axis are called the 
poles ; the one the north or arctic^ and the other 
the soutb or antarctic. And if the axis be pro? 
duced to the heavens, it will point out the celestial 

poles. 
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4. If a circle be supposed to pass round the 
globe of the earth, so as to be equi-distant from each 
pole, it is called the equator ^ or equinoctial line, 
and by some the line only. 

And if the plane of the equator be produced to 
the heavens, it will lay out the celestial equator. 

I 

5. The latitude of any place, is its nearest dis- 
tance to, and counted from the equator in degrees 
and minutes, and is north or south as it lies on the 
north or south side of the equator. 

6. The poles are 90 degrees from the equator; 
therefore the complement of the latitude of any 
placcy is the latitude taken from 90 degrees, or the 
distance of the place from its nearest pole. 

7. The declination of the sun, is the nearest dis- 
tance thereof from the celestial equator counted in 
degrees and minutes i and is north or south, as it 
lies on the north or south side of the equator. 

I 

8. The sun's declination taken from 90, leaves 
the complement iheveoi 'y or its distance from the 
nearest celestial pole. 

9. The sun^s altitude, is the number of degrees 
and minutes the sun is above the horizon, and is 
easily found by a quadrant, as before. 

10. What the sun's altitude wants of 90, or the 
jsun's distance from the zenith or point of the hea- 
vens perpendicularly over you> is the complement of 
the altitude. 
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1 1 . The magnetical amplitude ^ is the complement 
of tbe Bun's bearing at rising or settings taken by 
tbe quartered compass ; on it is the number of de- 
grees the sun is from the east or west point of the 
compass, at rising or setting. 

12* The true amplitude j is the complement of de- 
grees the sun would rise or set on if the compass 
did not vary ; or it is the number of degrees the 
sun is from the east or west point of the horizon, 
at rising or setting ; and this true amplitude is aU 
ways north, if the sun's-declination be south. 



To find the variation by the amplitudes. 

Having the latitude of the place, and the sun's 
declination given, the true amplitude is found by 
tiiis astronomical proportion, viz. 

As the co-sine or sine complement of the latitude 

Is to the sine of the sun's declination. 

So is radius 

To the sine of the true amplitude. 

Then if both amplitudes be north, or both 
south, their difference is the variation, but if one 
be north and the other south, their sum is the 
variation. 



To know zvhether the variation be easterly or 
westerly. 

Let the observer turn his face to the sun, thea 
if the true amplitude be to the right hand of the 
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ma^netical one, the variation is easterly, but if to 
the left, westerly. 



Example I. 

On the 28th day of May, 1789, the sun's bear- 
ing at rising being N. 71° E. in the latitude 53^ 20 
N. required the true amplitude, 'and the variation of 
the needle. 

Find the sun's declination by the annexed tabte 
and then to find the true amplitude, say. 

As the co-sine of the latitude 36° 40' 9-77609 
Is to the sine of the declination 21o 34' N. 9-56536 
So is radius 90* 1 0,00000 



To the sine of the true amplitude 38° 9-978927 



90 — :7r=]9** the mag. amp. from the east. 
True amplitude E. 38°.00' N. for docl. is N. 
Magnetical ampl. E. 19°.00' N. 

Variation 19*.00' W. because the true 



amplitude is to the left of the magnetical 



$66 The Variation of the Compass. 

Example II. 

Suppose the sun's true amplitude is found to be 
W. 42* 00 S. and the magnetical amplitude W. 23. 
00 S. the sun's bearing at setting being SW. 67*. 
Required the variation. 

90* — 6T=^3'' the magnetical amplitude froni 
the west. 

True amplitude W. 42' 00' S. 

Magnetical amplitude W. 23 00 S.x 

Variation 19 00 W. 



In this case also the true amplitude is to the left 
of the magnetical ; and therefore the variation is 
westerly. 

Example III. 

Sun*s bearing at rising being SE 77i% and the 
true amplitude being found to be 10°. 12. N. re^ 
quired the variation. \ 

90^ — 77r=12r the magnetical amplitude from 
the east. 

True amplitude E. 10^ 12' N. 

Magnetical amplitude S. 12* 30 S. 

Variation 22. 42 W. 



The true amplitude being still to the left, the va- 
riation is westerly. 
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Example IV. 

Sun's bearing at setting is SW. 8U% and the 
true amplitude is found to be W, 6*. 16' N. Re- 
quired the variation. 

90""— SIl^'sSI* the magnetical amplitude from 
the west. 

True amplitude W. 6*. 1& N. 
Magnetical amplitude W. 8. 30 S* 

Variation 14. 46 E. 



The true amplitude being to the right of the 
magnetical^ the variation is easterly. 

2. To find the variation of azimuths. 

13. The sun's magnetical azimuth is the bear- 
ing thereof at any time of the day, taken by the 
quartered compass ; that is, counted from the north 
or south towards the east or west points of the 
box* 

14. The sun's true azimuth is the point of the 
compass it would bear from you upon, if there 
were no variation ; or it is the distance intercepted 
between the north or south points of the horizon 
and a vertical circle, or circle drawn from the ze- 
nith through the sun to the horizon. 

Having the latitude of the place, the sun's de- 
clination, and its altitude given, the true azimuth 
is obtained by the following astronomical propor- 
tions. 

2k 
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1. As the tangent of half the complement of the 
altitude^ 

Is to the tangent of half the sum of the distance 
of the sun from the pole, and complement of the 
altitude^ 

So is the tangent of half the difference betweea 
the distance of the sun from the pole, and com- 
plement of the altitude. 

To the tangent of a fourth arc. 

Add this fourth arc and half the complement 
of the latitude together, their sum will give a fifth 
arc; from which if the complement of the latitude 
be taken, the remainder will give a sixth arc. 
Then say. 

As radius 

Is to the tangent of the iaititude. 

So is the tangent of the sixth arc 

To the co-sine of the sun's true azimuth. 

Which is counted from the north or south, ta 
the east or west, according to the sun's situation 
at the time and place of observation. 

If the latitude of the place, and the sun's de- 
clination be both north or both south, the decli- 
nation taken from 90% give the sun's distance 
from the pole, but if one be north and the other 
south, the declination added to 90**, will give the 
sun's distance from that pole which is nearest the 
observer. 

If both azimuths are east or west, their difference 
is the variation; but if one be east, aaid the other 
west, their sum is the variation. 
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To know whether the variation be easterly or 
westerly. 

Just as with the amplitudes^ let the observer's 
face be turned to the sun ; then if the true azimuth 
be to the right hand of the magnetical one^ the va- 
riation is easterly ^ but if to the left, westerly* 



Example I. 



In the latitude 53"* 20' N. the sun's declination 
being 19"* 03' N. I find by observation the sun's 
altitude to be ST 30', and its magnetical azimuth 
to be SE, 5 P. Required the variation. 

90*— ^S^^aO'e-Se^ 40^, the compt. of the latitude 
18 20 i the compt. of the latitude 
90^—37 30 — 52^ 30', the compt. of the 
altitude. 



gOo—igo 03' «= 70^ 5% the sun's dist. from the pole 
*r 52 30 compt. of the altitude 

123 27 sum 



61 43 half sum 



18 27 difference 



9 13 half difference. 



S(k> The Variation of the Compass. 

Is to the tangent of i the^ 

sum of the distance of the f /; i o z o. i a aan. i is 

sun from the pole and com. f ^* 43^-10.26916 
plement of the altitude. J 

: : tang, of i their diflFerehce 9* 13'— 92 1022 

19.47938 



To a tangent of a fourth arc, 42* 18' — 9.95007 



Half the compt. of the latitude 18^ SO' 
The 4th arc 62 18 



Their sum is the 5th arc 60 38 

Complement of the lat. subtract. 36 40 

Givesthe 6th arc 23 58 



As radius 90* OO^— 10.00000 

Is to the tang, of the alt. 37 30 — 9.88498 
: : tangent of the 6th arc 23 58 — 0.64790 

Co-sine of the sun's true azim. 70 04 — 9.5328S 



True azimuth S. 70* 04' E. 

Magnetical azimuth S. 51 00 £. 

Variation 19 04 W. 



The true azimuth being to the left of the^ mag- 
netical one, the variation is westerly. 
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Example II. 

Suppose the sun's>»true azimuth N. 83<». 2(V E, 
but the magnetical one N. 70^ 30' E. Required 
the variation. 

True azimuth N. 83*. filO' E 

Magnetical azimuth S. 70. 30 E. 

Variation 12. 50 E. 



The true azimuth being to the right of the 
magnetical pne^ the variation is easterly. 

Example III. 

Suppose the sun's true azimuth w^ S. 37** 
W W. and the magnetical one S. 44^ 20" W. 
Required the variation. 

True azimuth S. 37*. 15' W. 

Magnetical azimuth S. 44. 20 W. 

— — — I I I 
Variation 6. 05 W. 



The true azimuth being to the left of the mag- 
netical one^ the variation is westerly. 

Example IV. 

> 

Suppose the sun's true azimuth be S. 4^. 05^ W. 
and the magnetical one S. S"*. 3<y £. Required the 
v^iation* 
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True azimuth S. 4*. 05' W. 

Magnetical azimuth S. 3. 30 E. 



Variation 7. 35 E. 



The true azimuth being to the right of the 
magnetical^ the variation is easterly. 

The variation of the compass was first observed 
at London, in the year 1580, to be one point of 
the compass easterly, or IT. 15' E. after which 
time it became less ; for, in the year 1622 it was 
6^. 00' E. in 1634 it was 4"". 05' E. and so continued 
to decrease till the needle coincided upon the true 
meridian, then there was no variation ; after which 
the variation became westerly ; and has ever since 
increased to the westward : for in the year 1672 it 
was 2^ 33' W. in the year 1683 ft was 4*. 00' W. at 
London 3 in 1722 it was at Dublin found to be 
IP. 15' W. and in 1751 it was there found to be 
l^*. 00' W. but how far it will continue to move^ 
more westerly, time and observations will probably 
be the only means to discover. 

At Paris in 1640, the variation was 3*. 00' E. in 
1666 there was no variation ; but in 1681 it was 
2*". 30' W. and still continues to go on westerly, 

ffow to draw a true meridian line to a map, having 
the variation and magnetical meridian given. 

On any magnetical meridian or parallel, upon 
which your map is protracted, set off" an angle from 
the north towards the east, equal to the degi^s 
or quantity of variation, if it be westerly, or from 
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the north towards the west if it be easterly, and the 
line which constitutes such an angle with the mag- 
netical meridian^ will be a true meridian line. 

For if the variation be westerly, the magnetical ' 
meridian will be the quantity of variation of the 
west side of the true meridian, but if easterly on 
the east side, therefore the true meridian must be 
alike quantity on the east side of the magnetical 
one, when the variation is westerly, and on the 
west side ivhen it is easterly. 

How to lay out a true meridian line by the cir- 
cumferentor. 

If the variation be westerly, turn the box about 
till the north of the needle points as many de- 
greed from the flower-de-luce towards the east of 
the box, or till the south of the needle points 
the like number of degrees from the south to- 
wards the west, as are the number of degrees 
contained in the variation, and the index will be 
then due north and south ; therefore if a line be 
struck out in the direction thereof, it will be a true 
meridian line. 

If the variation was easterly, let the north of 
the needle point as many degrees from the flower- 
de-lpce towards the west of the box, or let the 
south of the needle point as many degrees towards 
the east, as are the number of degrees contained 
in the variation, and then the north and south of 
the box will coincide with the north and south 
points of the horizon, and consequently a line 
being laid out by the direction of the index, will 
be a true meridian line. 
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I'his will be found to be very usefiil in setting an 
horizontal dial, for if you lay the edge of the in- 
dex by the base of the stile of the dial, and keep 
the angular point of the stile toward the south of 
the box, and allow the variation as before, the 
dial will then be due north and souths and in its 
proper situation ; provided fhe plane upon which 
it is fixed be duly horizontal, and the sun be 
south at noon ; but in places where it is north at 
noon, the angular point of the index must be turn- 
ed to the north. 

How maps may be traced by the help of a true 
meridian line. 

If all maps had a true meridian line laid out 
upon them, it would be. easy by producing it, and 
drawing pafallels, to make out field-notes; and by 
knowing the variation, and allowing it upon every 
bearing, and having the distances, you would have 
notes sufficient for a trace. But a true meridian 
line is seldom to be met with, therefore we are 
obliged to have recourse to the foregoing method. 
It is therefore advised to lay out a true meridian 
line upon every map. 

How to find the difference between the present 
variation^ and that at a time when a ti^act was 
formerly surveyed^ in order to trace or run out 
the original lines. 

If the old variation be specified in the map on 
writings, and the present be known, by calcula* 
tion or otherwise, then the difference is immedi- 
ately seen by inspection ; but as it more firequently 
happens, that neither is certainly known, and as 
the variation of different instruments is not always 
alike at the same time, the following practical me- 
thod will be found to answer every purpose. 
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Go to any part ot the premises wherd any two 
adjacent corners are knbwii; and^ if one caii be 
seen from the other,- take their beariiig; which, 
Compared with that of the same line in the former 
survey, shews the difference. But if trees, hills,^ 
STc. obstruct the view of the object, run tlie line ac- 
cording to the given bearing, ^nd observe the nearest 
distance between the line so run and the corner, then. 

As the length of the whole line 

Is to 57.3 degrees * 

So is the said distance 

To thediiferetice of vsiriaiiori reqfuired. 

Example. 

Suppose it be required to run aline which somif 
years ago bore NE 45*, distance 80 perches, 
and in running this line by the given bearing, the 
comer is found 20 liiits to the left hand ; what 
allowance must be made on each bearing to trace the 
old lines, and what is the present bearing of this 
particular line by the compass? 

P. Deg. L. 

As 80 : 57.3 : s 20. 
25 30 



21000 ll46.0(0^ 34' 
60 



2)681760.0 

Answer, 34 minc^tes, or a little better than 
half a degree to the left hand, is the allowancis re- 
quired, and the line in question bears N. 44* 26'. E. 
Note^The different Va^riationis do not effect the 
area in the calculation, as they are similar in eytry 
part of the survey. 

* f( .S h the radios of a circle (ntarlf) in nich parts as tha eircuaaferaRce coataias 36i. 

3l 
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A Tdble of the SurC^ Declination. 



For the Years 1805, 1809, 1813- 



V 


Jan. 


Feb. March 


April. 


May. 


June. 


•s 


Sonth. 


South. 


South. 


North. 


North. 


North. 




D. M. 


D. M. 


D. M. 


D. M. 


D. M. 


D. M. 


3 


22 51 


16 34 


6 53 


5 1415 57 


22 18 


7 


22 24. 


IS 20 


5 20 


6 45 


16 46 


22 45 


11 


21 50 


14, 4 


3 47 


8 15 


17 50 


23 5 


15 


21 10 


12 44 


2 12 


9 4218 49 


23 19 


19 


20 22 


11 20 


37 


11 619 44 


23 27 


23 


19 29 


9 53 


0N57 


12 28 


20 38 


23 28 


27 


18 SO 


8 24 


2 32 


IS 46 


21 16 


23 22 



For the Years I8O6, 1810,1814. 


5 


%2 52 


16 37 


6 5S 


5 10 15 SH 


22 16 


1 


22 25 


15 25 


3 25 


6 41 16 42 


22 43 


11 


21 52 


14 8 


3 51 


S 1017 46 


23 4 


15 


21 12 


12 48 


2 17 


9 37 18 46 


23 19 


19 


20 25 


11 24 


42 


11 2 19 41 


23 26 


23 


19 n 


9 57 


0N53 


12 24 20 30 


23 27 


27 


18 31 


8 28 


2 27 


13 42 21 14 


23 22 



Forthe Years 1807, 1811, 1815. 



3 

7 
11 
15 

1920 
23 
27 



22 54 

22 28 

21 54 

21 14 
28 

19 35 

18 37 



16 41 

15 30 

14 13 

12 53 

11 29 

10 3 

8 34 



7 3 
5 31 
3 57 
2 23 
48 
0N47 
2 21 



5 4 

6 35 

8 5 

9 32 
10 57 
12 19 

IS 37 



15 
16 
17 
18 
19 
20 
21 



28 

38 

43 

43 

38 

27123 

11 



22 14 

22 42 

23 3 
23 18 
23 26 

28 

23 22 



For the Years 1808, 1812, 1816. 



22 
22 
21 
21 
20 
19 
18 



55 
30 
57 
18 
31 
39 
41 



16 47 

15 35 

14 18 

12 58 

11 65 

10 9 

8 40 



46 
14 



40 » 



5 
31 



IN 4 
2 38 



9 
11 
12 
13 



21 
52 
21 
48 



33 
52 



15 
16 
17 
18 



1219 



20 
21 



42 

50 22 

54 

53 

47 

36 

1923 



22 20 
46 

23 6 
23 20 
23 27 
23 27 

21 



SiH 
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A Table of the Sun's Declinatiori. 



For the Years 1805, 1809, 


1813. ] 




July. 


Aug, 


Sept. 


Oct. 


Nov, 


Dee. 


North. 


North. 


North. 


South. 


South. 


South. 


D. M. 


D. M. 


D. M. 


D. M. 


D. 


M. 


D. M. 


3 


23 1 


17 36 


7 40 


S 53 


15 


1 


22 6 




22 39 


16 31 


6 10 


5 25 


16 


15 


22 37 


11 


22 10 


15 22 


4 40 


6 57 


17 


24 


33 1 


15 


21 36 


14 9 


3 8 


8 27 


18 


28 


23 17 


^9i 


20 56 


12 53 


1 35 


9 S5 


19 


27 


23 26 


23 


20 10 


U S3 


1 


n 21 


22 


gq23 2811 


27 


19 18 


10 10 


IS 32 12 44 


21 


7 


23 21 U 


For the Years 180(i, 1810, 


1814. • H 


8 


23 ^ 


17 89 


7 44 


8 48 


14 


57 


22 4 


7 


22 40 


16 35 


6 15 


5 20 


16 


11 


22 S5 


11 


22 12 


16 26 


4 44 


6 52 


17 


20 


23 00 


15 


21 S8 


14 13 


3 12 


8 22 


18 


25 


23 16 


19 


20 58 


12 57 


1 40 


9 50 


19 


24 


23 26 


23 


20 12 


11 87 


6 


11 16 


20 


17 


23 27 


27 


19 21 


10 15 


IS 28 


12 iOi 


21 


5 


28 21 




For the Years 1807, 181 1, 


1815. 1 


SI 


23 8 


17 43 7 491 


8 421 


14 


53 


22 2 


7 


22 41 


16 89 


6 20 


5 15 


16 


7 


22 34 


U 


22 14 


15 SO 


4 5C 


6 47 


17 


16 


22 58 


15 


21 40 


14 18 


3 18 


8 17 


18 


21 


23 15 


19 


21 00 


IS 2 


1 45 


9 45 


19 


20 


23 25 


23 


20 15 


11 42 


12 


11 11 


20 


14 


23 28 


27 


19 24 


10 20 


IS 22 


12 351 


21 


2 


23 22 




For the Years 1808, 1812, 


1816. H 


3 


22 SS\ 


17 sa 


7 38 


8 59 


15 


7 


22 9 


7 


22 37 


16 27 


6 4 


5 32 


16 


20 


22 89 


11 


22 8 


15 17 


4 33 


7 3 


17 


28 


23 2 


15 


21 33 


14 4 


3 1 


8 33 


18 


32 


23 18 


19 


20 52 


12 48 


1 28 


10 1 


19 


81 


23 26 


29 
27 


20 6 


11 28 


OS 5 


11 27 


20 


28 


23 271 


19 14 


10 $ 


1 89l 


12 491 


21 


10 


23 21 



268 . Necessary Directions. 

iSome necessary directtQtis concerning surveys in 
gcnerat. 

If you have a large quantity of ground to 
survey, which consists of many fields or holdings, 
and that it be required to map and give the re- 
spective contents of the same, it is best to make 
a survey of the whole first, and to be satisfied 
that it \s truly taken, as well as to find its content ; 
and as you go round the land, to make a note 
on th<e side of your field-book at every station 
where the boundary of any particular field or 
holding intersects or meets the surround; then 
proceed fi'om any one of those stations, and in 
your field-book say, ** proceed from such a station," 
and when you haye gone round that field or di- 
vision, insert the station you close J^t, and so 
through the whole : a little practice can only 
render this sufficiently familiar, and the method of 
protraction must be evident from the field-notes. 
When the whole is protracted, and you are satisfied 
of the closes of the particular divisions, cast up each 
severally, and if the sum of their contents be equal 
to. the content of the whole first found, you may 
safely conclude that all is rights 

The protraction being thus finished and cast up, 
transfer it on clean paper, vellum, or parchment, 
as before ; be carefiil to draw your lines with a 
fine pen, write on it the names of the circumjacent 
lands, and'set No. 1, 3, 3, 4, SHc. in every particu- 
lar field or diviSioii ; let every tepant's particular 
holding be distinguished by a different colored 
paint being run finely along the boundaries ; let 
all the roads, rivulists, rivers, bridges, bogs, 
ponds, houses, castles, churches, beacons, (or what 
ever else may be remarkable on the ground) 
\ie distinguished on the map. Write the title of 
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the map in a neat compartment either drawn, 
or done from a good copper-plate graving, with 
the gentleman's arms. Prick oS one of your 
parallels with the map, and on it make a mariner's 
compass, and draw a flower-de-luce to the north, 
and this will represent the magnetical north ; 
after which set off the variation, which express in 
figures, and through the centre of the compass, let 
a true meridian line be drawn of about 3 inches 
Jong, by which write True Meridian. Let a scale 
be drawn, or it is sufficient to express the number 
of perches to an inch, the map was laid down by. 
Draw a reference table of three, or, if occasion 
be, of four or more columns : in the first insert the 
pumber of the field or holding : in the next its 
name and by whom occupied : in the third the quan- 
tity of acres, roods, and perches it contains : if you 
have unprofitable land, as bog or mountain, let the 
iquantity be inserted in the fourth column ; and if 
it be required, you may make another column for 
;statute measure, and then the map is compleated. 
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SECTION VII. 

The method of dividing land, or qf taking ^ or 
inclosing any given quantity.. 

Example I. 

Plate XII. %. I. 

Let ABCD, 8[c. be a map of ground, contain* 
ing 1 1 acres, it is required to cut off a piece as 
DEFGID, that shall contain 5 acres. 

Join any two opposite stations as D and G 
with the line DG (which you may nearly judge 
to be the partition line) and find the area of the 
part DEFG, which suppose may want 3R, QiOP. 
of the quantity you would cut off : measure the 
line DG, which suppose to be 70 perches. Di- 
vide SR. 20P. or UOP. by 25, the i of DG, 
and the quotient 4 will be a perpendicular for 
a triangle whose base is 70, at the area 140P. 
Let HI be drawn parallel to DG, at the distance 
of the per{)endicular 4, and from I, where it cuts 
the boundary, draw a line lo D, and that line DI 
will be the division line ; or a line from G to H will 
have the same effect ; all which must be evident 
from what has been already said. 

But if hills, trees, &c. obstruct the view of the 
points D and I from each other, it will be necessary, 
in order to run a partition line, to know its bear- 
ing 'y and it may be proper on some occasions, to 
have its length ; both these may be easily calculated 
from the Common field-notes only, as in the follow- 
ing example without the trouble of any other mea- 
surement on the ground, or any dependance on the 
map and scale. 
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Example IL 

Plate XII. fig. 3. 

Let ABCDEFGHIA be ^ tract of land, to be 
divided into two equal parts, by a right line from 
the comer I to the opposite boundary CD ; required 
the bearing and length of the partition line IN, by 
calculation^ from the following field-notes, viz. 



Field-Notes and Area. 



Boun. 


Bearing. 


Perch. 


AB 


N. 


19» 0' E. 


108. 


BC 


S. 


77 E. 


91. 


CD 


S. 


27 E. 


115. 


DE 


s. 


52 W. 


58. 


EF 


s. 


15 30 E. 


76. 


FG 




West. 


70.9 


GH 


N. 


36 W. 


47. 


HI 




North. 


64.3 


lA 


N. 


62 15 W. 


59. 



152A- IR. 25.9P. 



-^k 



Operation, 



lABCI 1 


Per. 


'N. 


S. 


E. 


W. 


a. 


AB 
BC 
CI 


N. 62r w. 
N. 19 E. 
S. 77 E. 


59 
91 


27.5 
102.1 






52.2 
71.7 


20.5 
109.1 


35.2 
88.7 




Area, 8722.3 Per. 


129.6 


129.61 


123.9 


123.9 



I52A. IR. 25.9P. 3=24385.9 perch, 
half, tobe divided off,= 12192.9)„,Kf 
the part I A B C I = 8722.3 ) ^"°*- 



Triangle ICNI a 3470.6 perches. 
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ICDI 


Per. 


N. 


S. 


E. 


W. 


1] 

s 

P 


IC N E 
CDS 27 E 
Til 


115 


109.1 


102.5 
6.6 


71.7 
52.2 






123.9 




' 


Area, 6522.1 P. 


109.1 


109.1 


122.9 


123,9 



Then, nCDI : CO : : ICNI : CN > Th. 

as (6522.1 : 115: :S470.6 : 6l.l9> Sec. 
which determines the point N in CD, 






\ ICNI 


Per. 


N. 


S. 


E. 


W. 


IC 
|CN 
11 NI 


as before 
S. 27. E. 


61.2 


109.1 


54.6 


17.7 
27.8 


- 




54 6 




99.5 




... , 


ti#**.V 






As dif. lat. 54.6 

Radius S. 90 deg 

: Depart. 99.5 

Tang. Bear. 6ri5' 



As S. Bear. 
Depart. 
: Radius S. 
Distance 



6ri5^ 
99-5 
90 deg 
113.4^ 



Answer, JNIruMS. 61 l^W.T P^^' 
in the part lABCI, the difference between the 
northings and the southings of the three lines, lA, 
AB and BC (109.1) is the difference of latitude, 
and that of their* eastings and westings (71.7) the 
departure of the line CI, which is placed thereto, so 
as to balance the columns; see theo. 1. sect. Y. 
hence the content is obtained, as already taught, 
without the bearing or length of the line CI. 

For the triangle ICDI, the diflf. lat. and dep. of 
IC are taken from the preceding table, which is go- 
ing from I to C will be northing and easting ; those 
of CD are found by the bearing and distance, and 
of DI by balancing the columns^ as before for CI, 
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The difference of latitude (54.6) apd dieparture 
(995) of the line NT, in the third table are found 
by balancing those of IC and CN ; and as they are 
the base and perpendicular of a right angled trian- 
gle, of which the line NI is the hypothenuse, and 
the angle opposite to the departure, the bearing, 
we have the answer by two trigonometrical stat- 
ings, as above ; aiid thus may any tract be accu- 
rately divided, or any proposed quantity readily cut 
0ff or inJ5losed. 

Now, the student or practitioner may calculate 
the content of the part ABCNIA (the bearing and 
distance, or the diff. lat. and dep, of CNand of 
Nl being known) and if it be found equal to the 
intended quantity, it proves the truth of the ope- 
ration. 

Example III. 

Plate XIL fig. 3. 

it is proposed to cut off 38 A. l6iP. to the iSouth 
end of this tracts by a line running from E due 
West 40 perches to a well at O, and from thence a 
right line to a pdint M in the boundary HI ; the 
place of M, and the bearing and length of the line 
OM are required ; the field-notes being as in exam- 
ple 2d. 

A ^at^^. f M from H, north, 43.23 \ ^_, 
Answer, |qj^^ ^^ ^g. ^, ^ 3g^| perches. 

In this example we find ^ 

Perdies. 

The area of OEFGHO = 5270.5 
Consequently of HOMH= 826.0 
Dif.Iat.ofthellneHO — HY— 35.% 
Departure of ditto =s.OV=« 38.2 

3m 
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As HI happens to be a meridian, the area of 
HOMH divided by hatf OV (19.I) quotes HM 
(43.33) without finding the area of HOIH, as we 
did of ICDl in example 2d. and HM — HV = 
VM = 8.03 = diff. iat. of OM, which with its dep. 
VO =38.2 gives the bearing and c[istance as be^ 
fore. 



Example IV. 



PlajteXII. fig. 4. 



A trape^ioidal field ABCD, bounded as under 
specified, is to be divided into two equal parts by 
a right line EF parallel to AB or CD ; required 
AForBF? 



Bou. 


Bearing. , 


■Per.l 

30. 
60. 
45.5- 
89.4 


AB 
BC 
CD 
DA 


South. 
N. 80 W 
N. 39i W. 
S. 80 E. 


ISA. 3R. 7] 





In the triangle CBG are given BC and all the 
angles (known by the bearings) to find BG, and 
thence the area by prob. 9- sect. 4. which + half the 
area of ABCD = area of EFG ; then as the area 
of CBG to that of EFG, so is th^ square of BG to 
the square of FG, and FG— BG « BF. 
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Operation dt large. 
Angle G 39° 30', log, S. Co. Ar. 0.19649") 
Side BC 60 per. log. 1 .778 15 V add 

Angle C 40» 30', sine 9.8 1 254) 



Side BG 61.26 per. 
Side BC 60 per. 
Angle B 100* 0' sine 

2)3619.8, log. 

As CBG = t809.9 Co. Ar. 

1 103.5 = BCEF 
To EFG«= 2913.4 log. 

So sqr.BG 61.26, log, 

To sqr.FG 77.72 
Ansr. BF= 16.46 p^r. 



1.78718") 
1.77815 V add 
9.99335) 



3.55868 
6.74235\ 



L 



{1 



3.46440 Vadd 
1.78718 i 
78718^ 



(2)3.78111 



1.89055 



By the application of this method a tract of land 
may be divided accurately, in any proportion, by a 
line running in any assigned direction. 

Note. When the practitioner would wish to be 
very accurate, it will be much better to work by 
four-pole chains and links than by perches and 
tenths ; one tenth of a perch square being equal to 
6^ square links. 
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Example V. 



The following Field-Notes (from A. Burns) are 
of apiece of land, which is proposed, as an ex- 
ample to be dimded ifito three equal parts by 
two right'lines running from the sixth and se- 
venth stations ; and proved, by calculating the 
conteiit of the middle part. 



St. 


Bearing. 


4P.C. 

21.60 


1 
2 


N.E. 56i« 


N.-E. m 


13.44 


3 


S. E. 7U 


18.96 
13.44 


4 


s. E. m 


5 


S. W. 7U 


18.96 


6 


S. E. 45 


8.47 


7 


S. E. Q3\ 


13.44 


8 
9 


N.E. 45 


8.47 


S. E. 26i 


13.44 


10 


S. W. 45 


8.47 


11 


S. W. Q3\ 


13.44 


12 


N.W.76 


24.73 


13 


N.W. 36i 


30.00 


] Area 167. 1. 2^. | 
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Example VI. 
PlateVIILfig. 5 

The plot ABCDEFGHA is proposed to be divi- 
ded, geometricallj/y in the proportion of vg to 3, by 
a right line from a given point in any boundary or 
angle thereof, supposethe point D. 

Reduce the plot to the triangle cDe^ as already 
taught; divide the base ce in the point N, so that 
eN be to Nc in the ratio of two to three, by prob. 
14, page 53 ; draw DN, and it is done. 

Example VII, 
Plate XIL fig. 3. 

Example 2rf mai/ likewise be performed geome- 
trically. 

Produce CD both ways for a base, and reduce the 
whole to a triangle, making I the vertical point; 
then bisect the base in N, and draw IN. But, 

Notwithstanding this geometrical method is de- 
monstrably true in theory, it is not as safe, on prac- 
tical occasions requiring accuracy, as the calcula- 
tion, even when performed- with the greatest care ; 
for which reason we will not enlarge on it here. 

Example VIII. 

Suppose 86A acres Jo belaid out inform of a right- 
angled parallelogram, of which the sides shall 
be in proportion as 5 to 3, required their dij 
mensions ? 

For the greater side, multiply the area by the 
greater number of the given proportion, and divide 
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the less, or, for the less side, multiply by the less 
number, and divide by the greater, the square root 
of the quotient will be the side required ; thus, 
864A.— 13824QP. 1.38340 

.5 3 . 



3)691200 5)414720 



Answ. 1/230400 = 480, V82944 = 288. 
Example IX. 

If it be required to lay out any quantity of ground 
suppose 47A. 2R. 16P. in form of a parallelogram, 
of which the length is to exceed thp breadth by a 
given difference, for instance 80 perches, then, add 
the square of half this difference to the area, and 
take the square-root of the sum ; to which add half 
the difference for the greater side, and subtract it 
therefrom for the less ; thus, 

2)80 47A. 2R. 15P. = 7616 perches. 

1600 



40 



40 V 9216 =96 



1600 half diff. add and subt. — 40 



{thelength= 136 

thebreadth= 56 
Any proposed quantity of ground may be laid 
(lut or inclosed in the form 



/'Square - - - byprob. 2d. 
of a ) Para"^Iog''am> 1 side giv. by pro. 4. f jy 
j Triangle of a given base, by pro. 7. '^ ^* 
(^Circle - - - byprob. 13. 



1) 

\3.) 
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It is sometimes most convenient^ when land is to 
be laid out adjacent to a creek, river, or other 
crooked boundary, to measure oiF-sets to the angles 
or bending thereof, from a right line or lines taken 
near such boundary, and to deduct the area of these 
ofF-sets from the given quantity, and then: to lay off 
the remainder from the right-line or lines, in the 
desired form. 

In laying out new lands, attention must be paid 
to the allowance for roads, as exemplified in prob. 
14tb, page 203. 

Example jt. 

It is required to divide off 30 stores, to the south- 
east end of the tract, of which the field-notes are 
given in example 4th, by a right-line to run N* 
20 E. See example 4th. 



SECTION vnr. 



Containing the surveying of Harbours^ fUc and 
Levelling. 



OF SURVEYING HARBOURS, SHOALS* 
SANDS, &c. 

Plate XIII. fig. 1. 

THERE are three methods whereby this may 
be performed, for the observations may tie 
made either on the water or on the land. Those 
made on the water are of two kinds, one by the log- 
line and compass (as in plane sailing measuring) 
the course and distance round the sand ; and then 
to be plotted as a large wood, or any enclosure taken 
by the circumferentor. 

This method I omit for two reasons ; first be- 
cause it is to be deduced from the writers of navi- 
gation : apd, secondly, because the distances thus 
measured are liable to the errors of currents, which 
generally attend shoals or sands near the shore. 

The second method, where there are no distan- 
cesi to be measured on the water, though still there 
is one inconvenience, common also to the former, 
because the bearings or observations are to be takeii 
on that unstable element (an error scarce mention- 
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^ by practical artists) I shall briefly hint at ; and 
so rather choose a third, which is liable to neither 
of these imperfections. 

Let a boat be manned out with a signal flag, a 
log and line, lead and line, and to observe the bear- 
ings of any land-mark, a compass with sights. 

Take two or more objects or places, as A, B, C> 
on the shore, from whence th6 boat may be seen on 
the several parts of this shoal, and determine their 
relative position by bearing and distances either be- 
fore or after the other necessary observations are 
made. ' 

One of the boat's crew is to sound till he finds 
himself on the edge of the sand, by the depth of 
water, and then to come to an anchor ; which he 
is to signify to two persons on the shore, at B and 
C, by his signal. And then from those known 
land-marks, B, and C, the observers are to take 
the bearings of tlie boat, and to register their ob- 
servations J which, when done, they are to signify . 
to the crew by waving a flag, or by some other 
signal. 

And in the mean time, to prevent mistakes, le|: 
the crew take the bearings of each of these land- 
marks : Then weigh anchor, which suppose at D. 

Then by sounding, proceed to E, arid make 
like observations^ And so at E, F, G, 8(c. till 
you have surrounded your sand. 

And if in this process you are about to loose the 
Slight of one of your land-marks suppose C, fet your 
assistant at C, or B, who at that tmkyjfiHulso be; 

aN„ 
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about to loose the sight of the boat, by signals {be- 
fore agreed on) remove to some other object be- 
fore-hand agreed on, suppose to H, or K ; and then 
to proceed as before. 

Lastly, if the sand runs so far out at sea, that 
the object cannot be seen by the boat, nor the 
boat by the observer on shore ; there may be rock- 
ets fired by the boat's crew, and also by the observ* 
ers on the shore in the night, whereby those bear- 
ings may be tdsen almost at as great a distance as 
the light can be seen. For supposing they "rise but 
a quarter of a mile above the apparent horizon, its 
stay will be about 9 seconds, and its distance for 
this quarter of a mile will be visible about 44 
miles. . But rockets rise much higher, and then the 
distances are much greater, whereby they are visible. 

Or two boats may lay at anchor instead of the 
land marks and then you may work as before. 

Now, since the land-marks B and C are fixed, 
their position may be laid down in the draught, ag 
in common surveying, by plotting the distance be- 
tween B, and C. And then, by plotting the line^ 
BD, and the line DC, according to their position, 
their comnion intersection will give the point D. 
And in like manner E, F, G, d[c. may be plotted -, 
and so the shoals completed. And this from the 
bearings taken at B and C. 

If this be a standing lake, environed by bo^, 
or other impediments, the observations at D, E, F, 
8(c. by taking their opposites, may suffice to plot 
the same from the land-mark. A, B, C, S(c. as 
well as thosj? taken on the landj or, indeed, by 
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the course and distance, as in navigation^ if the 
water be smooth and without a current. 

In sea shoals, it is convenient to note at each ob- 
servation the depth of the water found by the lead, 
and the drift and setting of the current by the log 
and compass, while the boat is at anchor, which 
may be done with ease and expedition enough. For 
while the boat rides at an anchor, her stern points 
out the setting of the current, and the log and glass 
will measure its drift. 

And these ought to be noted on the draught, 
which may be thus : 

The currents may be shewn, by drawing a dart 
pointing out its setting, and its drift by the Roman 
capital letters, the depth of the water by the small 
figures, and rocks by little crosses, 8fc. 



LEVELLING. 

Plate XIIL fig. 2. 

LEVELLING is the art of ascertaining the per- 
pendicular ascent or descent of one place (or 
more) above or below the horizontal level of ano- 
ther, for various intentions and of marking out 
courses for conveyance of water, 8Cc. 

The true level is a curve conforming to the sur- 
face of the earth ; as ABG. 

The apparent level is a tangent to that curve ; 
as ADE. 
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. The correction^ or allowance for the garth's curva^ 
ture, is the difference between the apparent lev^ 
and the true, as BD. The quantity of this correc- 
tion may be known by having, in the right-angled 
triangle CAB, the two legs, ACcrsthe semidiameter 
of the earth (=1267500 perches) and AD=the dis- 
stance of the object, to find the hypothenuse CD» 
from which taking CB ; (=b=CA) the remainder will 
be the correction BD ; but it may be obtained more 
practically thus ; 

Square the distance in 

{four-pole chains and divide by 800,^ 
or in perches and divide by 12800, > 
or in miles and multip^ by 8,3 

. Example* 

Required the correction for 20 four-pole chains 
=80 perches= J mile ? 

800)20 X 20=400(.5 
12800)80 X8P=6400(.5 
i=.^5,and .25 x 25 x 8= .5 
that is .5, or i inch the correction required. 

But, to save the trouble of calculation, we insert 
the following table of corrections. 
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J Table qf Corrections. 
The distances in four-pole Chains. 



Dist. 


Cor. 


Dist. 


Cor. 


Chains. 


Inches. 


Chains. 


Inches. 


I 


0,00125 


27 


0,91 


2 


0,005 


28 


0,98 


3 


0,01125 


29 


1,05 


4 


0,02 


30 


1,12 


5 


0,03 


31 


1,19 


6 


0,04 


32 


1,27 


7 


0,06 


33 


1,35 


8 


0,08 


34 


1,44 


9 


0,10 


35 


1,53 


10 


0,12 


36 


1,62 


11 


0,15 


37 


1>71 


12 


0,18 


38 


1,80 


13 


0,21 


39 


1,91 


14 


0,24 


40 


2,00 


15 


0,28 


45 


2,28 


16 


0,32 


50 


3,12 


17 


0,36 


55 


3,78 


18 
19 


0,40 


60 


4,50 


0,45 


65 


5,31 


20 


0,50 


70 


6,12 


21 


0,55 


75 


7,03 


22 


0,60 


80 


8,00 


23 


0,67 


85 


9,03 


24 


9,72 


90 


10,12 


25 


0,78 


95 


11,28 


26 


0,84 


100 


12,50 



The first thing necessary in levelling, is the adjust- 
ing of the level, which may be performed several 
ways : The following is very easy and practical. 

Choose some ground which is not above 4 or 5 
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feet out of the level, for the distance of 8 or 10 
chains length, and suppose it be AB (fig. 3.) 
and find the middle between A and B, which sup- 
pose to be C ', plant the instrument at C : direct the- 
tube to a station-staff, held up at A, and elevate or 
depress the tube, till the bubble is exactly in the 
middle of the divisions ; then by signals direct your 
assistant at A, to raise or depress the vane, sliding 
on the station-staff, till the horizontal hair in the 
glass cuts the middle of that vane: then see how 
many feet, inches, and parts, are cut by the upper 
part of the vane, which suppose to be 3 feet 4 
inches and 6 tenths. 

In like manner direct to the other staff, at B and 
suppose the upper edge of that vane to cut at the 
height of 6 feet 5 inches and two tenths, then will 
these two vanes be on a level. 

From 6 feet 5.2 inches subtract 3 feet 4.6 inches 
and reserve the remainder 3 feet 0.6 inches. 

Now, remove the instrument as close to the 
higher station-staff as you can ; sa that the middle 
of the telescope may almost touch it. , Then bring 
the telescope as near to a level as the judgment of 
the eye will direct. 

Measure from the ground, the height of the top 
of the telescope ; and also of the bottom, in feet, 
inches and parts; suppose them to be 4 feet, 
10.5 inches, and 5 feet 0.3 inches ; then half the 
sum of these heights 4 feet 11.4 inches is the 
height of the centre of the glass y and to this ad4 
half the breadth of the vane, which suppose to be 1 
inch and 5 tenths, and to the sum 5 feet 0.9 
inches, add the preceding remainder 3 feet 0.6 
inches; then let the person at B move his vane, 
till the upper edge cut 8 feet 1.5 inches, the sum 
of the prwediflg numbers. 
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Now, so elevate or depress the hair or the bub- 
ble, till the hair cut the middle of the vane at B, 
and at the same time the bubble stands at the mid- 
dle of the divisions s and then will the instrument 
be duly adjusted. 

If you have a mind to be more accurate, repeat 
the operation ; but when you place the instrument 
at C, turn the tube at right angles to the line AB, 
and there set it level ; then proceed with a repetition 
o£ the work. Only observe to cross-level it in this 
adjustment and in all future uses whatsoever. 

Or the level may be adjusted thus : As before, 
first plant the instrument in the middle between A 
and B (fig. 4.) and observe the heights on the sta- 
tion-staves, which suppose to be as above ; and 
consequently their difference, as before, is 3 feet 
0.6 inches. Now measure from C towards the 
highest ground A, some distance that comes almost 
to A ; suppose 4 chains to D, and DB will be 9 
chains, and DA one chain : Then plant the instru- 
ment at D, direct the telescope to A, and, setting 
the bubble to the middle of the division, direct 
your assistant to move the vane, till the hair cuts 
the middle of it ; and note down the feet, inches, 
and parts cut by the upper edge of the vane; which 
suppose to be 3 feet 8.4 inches : To this add the 
difference 3 feet 0.6 inches, and the sum 6 feet 9 
inches reserve. 

Now direct the telescope to the staff at B, level 
it, and direct your assistant to move the vane, till 
the hair cuts the middle thereof; and then, if the 
upper edge of the vane cuts the foregoing sum 6 
feet 9 inches, the hair and bubble are truly adjust- 
ed. But if not, say. As BD less AD, is to the 
difference between the numbers cut by the upper 
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edg^ of the vane^ and the number 6 feet 9 inches ; 
so Is the distance AD to a nnmber^ which added 
to that cut by the vane, when less than 6 feet 9, 
and subtracted from the number cut by the vane, 
when it is greater than 6 feet 9f will give a number 
to which let the assistant fix the vane ; then so ele- 
vate or depress the hair or the bubble, till the hair 
cuts the middle of the vane at B, and the bubble 
stands in the middle of the divisions ; for then the 
level will be adjusted. The operation may be again 
repeated, and at every station cross-levelled, whicfai 
will confirm the former adjustment. 

Or it will be still better to set the station staves 
equally distant from the instrument (suppose about 
lo or 20 perches each) at an angle of about 60* or 
so as to form nearly an equilateral triangle there- 
with, and level the 2 vanes (A and B fig. 5.) as be- 
fore, which will be then both in the same horizontal 
level whether the instrument be right adjusted or 
not, because one will be as much above or below 
the true level of the instrument, as the other, being 
in the same distance from it ; then remove the in- 
strument as near as may be to one of them, sup- 
pose A, and raise or lower the vane A to the exact 
level of the visual ray in the instrument, noting pre- 
cisely how much it is moved and have the other 
vane B move just as much in order to bring them 
again to a level, allowing for the correction of the 
apparent level if it be a sensible quantity, then ad- 
just the instrument to the level of the vane at B. 

To adjust the rafter level (plate 13. fig. 6.) which 
may be 10, 12, or 14 feet in the span AB ; set it 
on a plank or hard ground nearly level, and mark 
where the plumb line cuts the beam mn, suppose at 
c, then invert the position by setting the foot A in 
the place of B, and B in that of A, marking where 
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the line now cuts, as at e ; the middle point between 
c and e will be the true levelling mark. 

To continue a level course with this instrument, 
set the foot A to the starting place, and move B up- 
ward or downward toward D or E^ till the point B 
be determined and marked for a level with A, then 
carry the instrument forward in the direction of C 
till the foot A rests at B, whence the point C is 
leveird as before &c. Sights may be placed at r 
and s a^nd the instrument adjusted to them, as be- 
fore, by reversing them in the direction of some dis- 
tant object. 

After the instrument is duly adjusted, you may 
proceed to use it. Let the example be this an- 
nexed (fig. 7.) where A every where represents the 
level, and B the station staves; and suppose the 
route be made from a to e ; first plq^nt the instru- 
ment between the staves a and b ; at A direct the 
level to a B, bring the bubble to the middle of the 
divisions, and instruct your assistant so to place the 
vane, that the hair in the telescope cuts the middle 
of the vane, then in a book divide into two columns, 
the one entitled back sights the othev fore sights, 
enter the feet, inches, and parts cut by theupperedge 
of the varie at a B, in the column intitled back sights. 

Then look toward the other staff b B, bring the 
bubble to the middle of the divisions, and direct 
your assistant to place the vane so, that the hair 
cuts the middle of the vane; then enter the feet, 
inches, and parts cut by the upper edge o^the van^, 
in the column oi fore sights. 

Now, plant the instrument at A*, still keeping 
the staff Bb exactly in the same place, and carry 
the staff aB forwards to the place cB ; now look 

2 O 
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back to the staiF bB, and enter the numbers cut by 
the vane there under the title Back sights ; then 
look forwards to cB, and enter the observation 
4inder the title Fore sights. Do the like when the 
instrument is planted at A^, A^ 9(c. always taking 
care to keep the staff in the same place when you 
look'd at it for a Fore sights till you have also 
taken with it a Back sight. 

Having finished your level, add up the column 
of Back sights into one sum, and the column of 
Fore sights also into one sum ; and the difference 
between these sums is the ascent or descent re- 
quired. And if the sum of the Fore sights be great- 
ier than the sum of the back sights, then e is lower 
than a: but if the sum of the J^or^ sights he \es% 
than the sum of the Back sights, e is higher than a. 
For example let the numbers be as in the following- 
table. 



Back sights. \ 


Fore 


' sights 




Feet. Inch. 

3 . 7 

4 . 6 
6 . 
9 . 5 
1 . 


Tenths. 

, 8 
, 2 
. 

, 7 


Feet. 

6 . 
8 . 
5 . 

8 . 

9 . 


incb. 

4 
3 

4 
7 
4 




Tentml" 

5 

2 

7 

8 
8. 


24 . 8 


, 2 
descent is 


36 . 
24 . 


1 
8 




• 

2 


Hence the 


13 . 
13 . 


4 
4 




8 
8 
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Some Observations to be noticed. 

1. And if the distances thus taken are short, the 
curvature of the earth may be rejected. For, if thfe 
distance from the instrument be every where about 
100 yards, all the curvatures in a mile^s work will 
be less than half an inch. 

2. If the distance from the instrument to the 
hindermost staff, be every where equal to the dis- 
tance from the instrument to the corresponding 
staif ; the curvature of the earth, and the minute er- 
rors of the instrument will both be destroyed. 
Hence it will be much best to set the instrument as 
equally distant from both staves as may be. 

3. If the distances of the instrument from the 
staves, be very unequal and very long, the curva- 
tures must be accounted for, and the distances in 
order thereto, must be measured. 

4. Therefore it appears, that the best method to 
take a level is to measure the several distances from 
the instrument to the back and forward station 
staves ; and enter them in the field-book, according 
to the titles of their several columns, as in the fol- 
lowing example ; and correct the heights from the 
table of allowances which may be done at home 
when you are about to sum up the heights. 
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Backwards. 




Forwards. 


Distan. 


Height! 


Corrected 


Distan. 


Height 


Corrected 


Links. 


Inches. 


Inches. 


Links. 


Inches. 


Inches. 


370 


3,25 


3,24 


418 


4,36 


4,34 


420 


6,10 


6,08 


328 


7,18 


7,17 


760 


5,38 


5,31 


289 


6 ,75 


. 6,67 


584 


7,25 


7,21 


530 


9 j53 


9,50 


326 


8,15 


8,14 


485 


11,65 


1 1 ,22 


658 


10,25 


10,20 


376 


8,35 


8,63 


530 


6,32 


6,29 


720 


10,24 


10,28 


3658 


46,47 


31,46 


57,81 


3146 










46,47 


.68.04 


11,34 



So that the fall in 68 chains is abdut 1 1 inchea 
and iof an inch. 

Lastly, Though hitherto we have considered the 
level with one telescope only, the same observa- 
tions may be applied to a level with a double te- 
lescope ; and I would advise those who use the 
double telescope, at every station to turn that end 
of the telescope forward, which before was the con- 
trary way. 



A more general Method of Levellingy adapted to 
the Surveying of Roads and Hilly Ground, is 
exhibited in the following example, in which the 
measures are given in links. 

Example. 

Plate XIII. fig. 8. 

Required the bearing and distance of the place 
B from A, and its perpendicular ascent or descent, 
above or below the horizontal level of A. 
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SP 


Course or 


Elev. or 


Obi. 


Her. 


Perpend. 


Dif, 


De- 


p 


bearing. 


Depres. 


Dist. 


Dist. 


Descent. 


Lat. 


part. 


I 


NE 79'15 


D 17°15' 


738 


705 


218.9 


131 


692 


2 


NE 75 00 


D21 45 


684 


635 


253.4 


164 


613 


3 


NE 50 30 


E 14 00 


976 


947 


236.1 


602 


730 


4 


S E 85 15 


D 1130 


930 


911 


185.4 


75 


908 


5 


SE7D00 


E 19 15 


620 
3948 


584 


204.0 


200 


549 




3783 


217.6 


6223492 












Desc. 


N. 


E. 



As Dif. Lat. 622 
is to Radius 8.90"* 

So is Dep. 3492 
To T. Bear. 79* 53' 



AsS. Bear. 79*^45' 
Is to Dep. 3492, 

So is Radius S. 90' 
To Dist.^547. 



As 100 links : 66 feet : : 217.6 links : 143.6 feet, 
the descent B below the level of A. 

Hence, B bears N. 79* 54' E from A.^ 

Nearest horiz, dist. 3547 links, f 

Sum of obi. dist. S948 links. V Answer. 

• Sum of horiz. dist. 3783 links, i 

Perp. desc. 217.6 L.=143.6 F J 

With the angular elevation or depression in the 
third column, and the oblique distance in the fourth 
(as course and distance) are found the horizontal 
distance in the fifth, and the perpendicular ascent or 
descent on the sixth, for each station (as difference 
of latitude and departure :) then, with the bearing 
and horizontal distance we get the difference of la- 
titude and departure in the two last columns. 

The ascents and descents in the sixth column are 
distinguished by the letters £ and D in the third. 
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signifying elevation or depression ; and being added 
separately, the difference of their sums is set at the 
bottom of the column with the name of the greater, 
and shews the perpendicular descent of B below the 
horizontal level of A. 

In like manner the northings and southings in the 
seventh column are distinguished by the letters N. 
and S. in the second, &c. . 



PROMISCUOUS QUESTIONS. 

1, The perambulator, or surveying whiel, is so 
contrived as to turn just twice in the length of a 
pole or 16^ feet ; what then is the diameter ? 

Answ. 2.626 feet. ' 

2. Two sides of a triangle are respectively 20 and 
40 perches ; required the third so that the content 
may be just an acre ? 

Answ.' either 23.099 or 58.876 perches. 

S. I w^nt the length of a line by which my gar- 
dener may strikeout a round orangery that shall 
contain just half an acre of ground. 

Answ. 271 yards. 

4. What proportion does the arpept of France, 

which contains 100 square poles of 18 feet each, 

bear to the American acre, containing 1 60 square 

poles of 16.5 feet each, considering that the length 

V of the French foot is to the American as 16 to 15 ? 

Answ, as 512 to 605. 
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5. The ellipse in Grovesner square measures 840 
links the longest way, and 912 the shortest, within 
the rails : now the wall being 14 inches thick, it is 
required to find what quantity of ground it incloses, 
and how much it stands upon ? 

Answ. it incloses 4A. 6P. and stands on 1760i 
square feet, 

6. Required the dimensions of an elliptical acre 
with the greatest and least diameters in the propor- 
tion of 3 to 2 ? 

Answ. 17. 479 by 11. &53 perches. 

7. The paving of a triangular court at 18rf. per 
foot, came to 100^. The longest of the three sides 
was 88 feet ; what then was the sum of the other 
two equal sides ? Answ. 106.85 feet. 

8. In 1 10 acres of statute measure, in which the 
pole is I6i feet, how many Cheshire acres, where 
the customary pole is 6 yards, and how many of 
Ireland, where the pole in use is 7 yards. 

Answ. 92A. IR. 28?. Cheshire s 67A. 3R. 25?. 
Irish. 

9. The three sides of a triangle containing 6A. 
IR. 12?. are in the ratio of the three numbers, 9t 
8, 6, respectively; required the sides ? 

Answ. 59.029, 52.47, and 39.353. 

10. In a pentangular field, beginning with the 
south side, and measuring round towards the east, 
the first or south side is 2735 links, the second 3115, 
the third 2370, the fourth 2925, and the fifl;h 2220 ; 
also the diagonal from the first angle to the third is 
3800 links and that from the third to the fifth 4010 : 
required the area of the field ? 

Answ. 117A. 2R. 28P- 
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11. Required the dimensions of an oblong gar- 
den containing three acres, and bounded by 104 
perches of pale fence ? 

Answ. 40 perches by 12. 

12. How many acres are contained in a square 
meadow, the diagonal of which is 20 perches more 
than either of its sides. 

Answ. 4 A. 2R. IIP. 

13. If a man six feet high travel round the earth, 
how much greater will be the circumference descri- 
bed by the top of his head than by his feet ? 

' Answ. 37.69 feet. . 
* 
N. B. The required difference is equal to the cir- 
cumference of a circle 6 feet radius, let the magni- 
tude of the earth be what it may. 

14. Required the dimensions of a parallelogram 
containing 200 acres, which is 40 parches longer 
than wide ? 

I Answ. 20 perches by 160. 

15. What difference is there l>etween a lot 28 
percHes long by 20 broad, and two others each of 
half the dimensions? 

Answ. lA. 3R. 
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6,54 74169 
6,62 
6j7J 
6,80 
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64,70 



6,04 65,70 
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7.i4j77,64 



7.^3 
7-31, 



7S.64 
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7t59, 



7,69.83,61 



7-78- 
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7.09173.63 
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7.91 
8,02 



8,12 
8,22 

8,32 
8,41 
8*52 
8,62 

8,7i 
8,82 

9,01 



9,12 
9.22 
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0,99 

>-9y 

2,9® 

3r97 
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4.46 40.74 
4i57 41,73 
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3,2Spo,85 
3,49l2i,S5 

2,6q!22,84 

2,71^3*83 
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k 
2 

3 

4 

5 

. 6 

7 
S 

9 
10 

II 
12 

13 
14 
15 
16 

17 
18 

19 



4,53 39i7^ 



5,21 
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4.7^ 
4.87 
4*98 , 
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3» 
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3^ 
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3.S3 
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4,11 
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4,35 
4,47 
4,58 
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4.S2 
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5*05 
5.17 
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66 

67 
68 
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76 
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78 
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66,63 

fi8,62 
69,6 1 
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^tT^S 



6,06 
6,17 
6,^7 



61 DoE^p 



L4I i Ui:]!. 



30,70 



5*4451,^9 
5.5452,63 
5,6453,68 



54,67 



58555,67 



5^M 

6,381^3,64 

6,-^1^61,63 

6,6^63,62 



64,61 
6,90 65, 61 
7,00 66,60 
7,11 67,60 
7,21 68,59 
7,3^'^9^53 



70,61 
71,61 
72,60 
73i59 
74i59 

76,58 
77p57 
73,57 
79-5^ 



81 
8^ 

«3 
B4 
^5 
86 
87 
SS 

89 
50 



80,56 
81,55 
81,55 
83,54 
84p53 
85,53 
86,5:1 
87.51 
88,51 
89,51 



7^417^-58 
7^53 7^57 
7*637^.57 
7.7473*5'^ 
7.^4 74,55 
7,94 75*55 
8,05 76,54 
8,15 77,54 
8,1678,53 
^'3*^ 79*53 



5*55 
5-^56 

5p77 

5,£e 
5/;9 

6,10 

6.4: 



HP^g-PlD'-'g' 



! l>cp. I Lar. 



50,67 
5^*7 
52,66 

53*j5 
54.65 
55,64 
5^r63 
57.^^3 
58.^ 



6^64160,6] 

6,75»6i,6o 

6,86[6i,6c 

^^597(63,5 

7,0864,5a 

7,19^5-58 

7,29166,57 

7,40167,56 

7,5M6n5'J 
7,62169,55 



8,47 80,51 
8i57 81.5 
8,68 8i,5T 
8,78 83,50 
BM 84,50 



7.73j7<2^54 
7.84J7i,54 

7,95]7^-53 
8,06173,52 
8,i7]p4,52 

&,^7l75.5J 
8,38176,51 

8,49177,5° 
8,6oJ-e,4r) 

8,7i}79,4y 



5p77b°p^*S 
5,S9J5t,64 
6jOoJ52,63 
6,11.53,63 
6,a3^54p6i 

6>34l55,'5i 
6,45156,60 

6,57S57.<^o 
6,63^58,59 
6,7 9 j 59.58 
6,yif6o,58 
7*o^i^i»57 
7.'3P*p56 
7,^5.^3 p56 
7.3*<^4o5 
7p47J55,:4 
7,58k56,54 
7,7o!67,53 
7.81^8,52 

8.151710° 
8,^673,49 
8.3Bh3.49 
8,49f74.4B 
8,60,75.47 
8,72(76,47 
8,83177,46 
8,94.78.46 
9,0679,45 



8,S-iBe,48 
8-93i8i,47 
9,04183,47 
9,i4j?!3,46 
9,2518^,45 

9^36185,45 
9,475^6,44 



9,38p,43 

9,^10:82,41 

9*5^*3,4^ 

9,6284,41 

6,7485 

91S5JB6 

9 196187 -39 



9,12 

9,64 
9*76 
9p87 
9.99 

10,23 
10,34 
10,46 
10,58 
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5^71 

5^.44 
53^17 
53^9^ 



51.83 
52.51 

53,88 
54,56 



60,02 
>,70 



62,06 
62,74 
63*43 



68,7564,11 



64,79 

65*47 
66,1 5 
66,84 

67-5^ 
68,20 



47 Deg. 



4:H ^>eg. 



39,06 



39= 



,74 4 



41,80, 
42,48 



44.54 
45,22 



47.28 



Des:- 



37.72 
3^.44 

39*90 



41,35 

2,07 



40,43142.60 
4T,ii[43v53i4^o 

44*254^.99 
44p97|42,68 

45.7^^43.37 



35*79.., _^ 
36.4838,29:36,65 
39*o^'37i34 
. ^ 39>73 3^.°3 
3*. 5 5 40.45 38,72 
39,2441,17139^43 

41,90140,11 
42,62 '40,80 
43.3441,49 



39.9^ 
40,61 



46,4 

47. T5 

47.87 



45,91 48,60 
46,59 4903 



44»cj6 42,i8 

44.79:42*87 
45*5^143,57 
46,23 [44,26 

4^.95 !44. 95 
45.4347,68145,64 
46ti2|4it^o46,33 



44.0^ 
44.74 



51,1554,63 



50,05 
5^,78 



55*36. 



4K.65 

49^33 

go, 02 

50,70 

51,39 

52,07 



56,08152,76 



5'^rSti53.44 56,58153.69 

57.54|54.i3 " 
58.27154,81 



59.73'i 
60,45 



55^24 
55.92 
56,61 
57,2961,18 

57.97 ^^*9t 
58,65 62,64 

59*33 '^3*37 



59.*>*^55.5o 
156,18 
56,87 



64,to 

64,82 

61,3865,55 



66,28 
67,01 
67,74 
68,47 
69,20 
69,92 
70,65 



59.61 
60,30 
60,98 

61 ,67 



65,09 

65*7® 
66,46 



71,38,67,15 

72,1167,83 

2,S4'68,52 



Dcj> . j Lat 

46f Ucj^-. 



46,^1 

47.5° 
43,18 



51*50 

52-95 

53-68 
54-40 
55'^2 
55^^S 



49*12 



48,87 
49.56 

50,94 
5^,63 
52,31 
53,00 



57*3^54,38 
58,03155.07 
58,76 



59,48 

60,21 

60,93 
58,2461,66 ^^^. 
58,93 ^2,38 59,20 



55.76 
5<5.45 

57-13 
57.82 



*3-8, 



59^9 
60,58 



^3-«3 60,58, 
64,56 61,26 



65,26 



62,35 66,01 
63,0466,73 
63,72 67,46 
64,41 68,19 



68,91 
69,64 
7c,36 

71,09 
71,81 



62,64 
63.33 



64.71 
65,39 



66,08 69, 
66,77 
67,46 
68,15 



72,54 6S,84 



46| Deg, 



134. Def^. 



Lai ] uiT]}. 
36,84135,27 
37.5635.96 



47,02 



49,8447,71 



50,57 



48,41 



52,01 

5^*73 
53.45 
54,18 
54,90 
55.62 
56,34 
57,07 
57-79 



58,51 
59-23 
59-9^ 
60,68 



49,10 

49.79 
50,48 
51*17 
51,86 

5^^55 
53.25 
53*94 
54.63; 



55*32 



61,95 65,01 



56,01 
56,70 
57,40 

58,78 

59.47 

60,16 _, 
63,5760,85 88 
64,29 



58,51 61,40 
62,12 
62,85 



51 
5^ 
53 
54 
55 
56 
57 
58 

59 
60, 

61 
62 

P 
64 

^5 

66 

67 

68 

69 

70 

71 
72 
73 
74 

^l 

u 

78 
79 

So 
Si 

82 

S3 
S4 
85 
86 

87 



64,02 67 , 1 8 



65.7462,93 
66,46 ' ' 



67,90 
6B,62 



63,62 

64,5^ 
65,00 
65,69 
66,39 
67,08 

67.77 
68,46 

69.T5 
Dn>. ; Lat, 

l46^Deg. 



'*35 
70,07 

70,79 
7J.51 
72,24 



61,54! 89 
62,24! 90 

92 
93 
94 

96 
97 
98 
99 

TOO 



38S 



TRAVERSE TABLE. 



I 



C/H4 Dt^g. 



L4t I n^'.. 



2 1,44 

31 ^.^^ 



2,tie 

4,3^ 



12 

13 9*35 

14 10.07 

i6ii,5r 

ia|E2,95 
19I3.67 

^0 '4t^'3. 



Oj6n 
■J9 



:^^oB 2,1^ 



2,7s 
3.4* 
4ii' 



5,04 4,W6 5,Qi 



5-75 
6,47 

7,91 7,64 

P-73 

10,42 



5-73 



6, -^5 6,40 
(^,95 7,16 



211533 
i6,^4 

17,26 



23 
24 

^7 



14*59 
6,67 



17.98 17.37 



1S.70 
iy,42 

23J20,14 

ay 20 ^a6 



20, T^ 



3- --0- 
53^3>74 
3.il-5.iS 24,31 
26,62 25,7 q 



2 2.gS 



37 
38 

39 

4^ 

41 
4' 
43 
44 
45 
45 
47 



-7t33 
23,05 

i«.77 



29,49 
3^f-' 

3f-(^J 
3-»37 
33-^9 



^7*7^ 



23,4& 



^44V l>fj]: 



LJ.. ^ iJ'; 



1.43 



4.3* 



7,6S 
8;6o 

9^J 

0,03 

10,74 
11,46 

12,89 
(3,3013,61 
13*80 »4>33 



15,04 
15-7'^ 
16,47 

^7p91 
18,62 



Lu. 



70 0,71 



T,4' 

2,09 

^.79 
*',28 



S.37 
9,07 

9-77 
To,47 
11,16 
11, S6 
12,56 
13,26 
13.9^5, 



^H 



i>ei' 



r.43 

2.14 

2,fl5 

3.57 
4>^7 

4.99 
5*71 

6.4:^ 



^1^ J^^3 
7,68 



,' ; liLit. r bc[h 



o,7< 



I ,,40 l|^2 



7.85 
a.56 

9'99 
10,70 

1 ^.4l 

i2,S4|i2,6 

'13.32 
14,02 



2tlQ 

3»5c^ 
4,21 

4.91 
5.6 s 

A,3i 
7,0 f 

7,71 

8,41 

9,ii 

9,81: 

10, 5t 

11,21 

9: 



.4^ Dct- 



0,71 



13.55 
14,26 



14.7- 

I5t4' 



I, oh 

18,76 19,3^ 
19.45 20,06 



1 4,65; 1 4,93 

i6,05'i6,4o 
[6,75ji7,i2 

1744J17.S3 . 
i3,T4 i8,54li8,22 



16,12 16,33 



j6,8- 

7r5i 



18,^4119,26] 1 8,9^ '9,17 

>9*54]i9'97J 19.63*9.89 
20,771 ^^-^ s 24j2o , 6Si 20 , 3 3 20,60 
2 1 ,4. M 20,93 ^ ^ *4o;2'r ,oj 21^31 

2 2,2 i 2 1 ,63 22, M ^2 l,73J22,oi|2 1 .Si 



2643 

27/J9jj7.g-i 



2i,g^ 22,33.22,^2 

23,64 23,0^33,54 

^4.35r^3>7^|^-4,i5 
~5'°:,-4,42j24,96 

'-5»7y 
'16,5, 

i7*^-= 



29- ^^ Jcj,oS 
29,87 3s,3c 



QHoOeg. '^54 t)tg. 



9i3«7 



!3.^7 
^4,3^ 



^5.i^U5.' 
.5.^2J26,3^ 
26,52 17,1c 

i7-2i'^7,82 

^'^-3119*5^ 

jo,oq; 30,67 

30.7?^ 31.33 
3'. 4*^ 



3^,05 3^*75 3^-^052,81 
3^t65 33,67332,8^ 33,52 



S.49 
'9 



14, M 

Vh95 



4^|34.53 33^34 ^4,3^ 33.4 
4935.^554-04 j.^,T 0^3 4,1 

5?. 35.Q7'34.7:if 35 ^S^'34.^:j t35>^^- 



J2,10 
32,81 



^2-43 

^3^83 

"*4>53' 
M.23; 

>,V6? 



,S,6 
^7.34' 



19.4^ 

3fj,&4 

31-55 

3^*^4 
32.OJ 

34,3^ 



i^p. I Ut 



45^- U^^ 



^,13 
2,fi4 
3 = 55 

4,26 

4-97 
5-7« 
6,39 

2^ 

7*Si 

a.51 

9-^3 

y-84 

10,65 

1,36 

12,07 

12,78 

t3,49 
14,20 



4-9 
15,62 



M>7» 
15-49 
16,19 
16,96 
17,60 
jiS,30 
19,01 
if>,89lf9,7i 



i6,cj4 

17*75 
13,46 



22,73 

^4pT5 
4,86 

1^.57' 

26,28 

6,99 

7(7"^ 

ta,4i 
19-83 

i,96j 
32,6 

^3.3! 

54-«° 
15^^ 



Oi7i 

1*4 

2,1 

4,22 
4-93 
5.63 
7^4 

6.04' 

7^74 
8.45 
9i . 
9-86 
10,56 
i[,i6 

ii>97 
12,67 

13-38 
[4,08 



20,4a 
2 1 . 1 2 



^3*^3 
^3^94 



i:^*34 



i6,75 
iS,i6 

*9,5t 
3^*^7 

3^^9^ 
ji,6S 
32,3« 

33-^; 

33^7:? 
34,5"^ 



'Jtp. 1 L^r 



t.> 



Ijcg. 



>5Dt;y 



=^ 



J Ltq> 



0,71 

1,41 
2|12 
2,»3 

3*54 
4.^-4 
4,95 
5.66 
6,36 
7-^^7 



7.7S 
8,49 
9ii9 

3 

1:1,02 

12,73 

3>43 

14-H 



14,85 
15.56 
6,26 
t6,97 
17,66 
18,38 
19,09 
19,80 
20,5 

2T,2t 



31,92 
22,63 

^3'33 

24''^4 



^4.^4 14-75 



5*4'^ 



25,05 i6,i6 



16,87 

-58 
i3,2S 



53,9g 

^9,7 CJ 

30,41 
3i>^T 

,r.82 

3 = .53 
33.^3 

33-94 
14-65 



CS7I 
Ml 
a, 12 
2,83 
3i54 
4fM 
4,95 
5.66 
6,36 
7-07 



7.7^ 

8,49 

9,19 

9,90 

10,61 

11,31 

12,02 

1^,73 
13-43 
14,14 



14*35 
15,56 
16,26 

16.97 
17,6a 

<8.38 
19,09 
19-84 
20,51 

21,21 



1^3*33 
94,04 
•14,75 
.i5.4<S 

16,47 
^7.58 
38^28 



iS,99 
^9>7o 
3M^ 
1,11 
31,82 

33-94 
34,63 



35.3635-36 



[>cr' \ • L.^i 



5 Deg. 



II 
12 

^3 
14 

]i 

17 
18 

19 

20 

21 

22 

^3 
34 

25 
26 
-7 

28 

29 

31 
32 

33 
34 

^^ 
37 
38 

39 

41 
41 
43 

44 
45 
46 

47 
48 

49 I 
if 

2^ 



TRAVERSE TABLE. 



?89 



g,44 Dtt^. 



5i 
52 

5J 
54 
55 
56 

57 
58 

I' 
00 

61 

6 

64 

^5 

66 

67 
68 
69 
70 



4^,28 
41,00 

4^,44 
431 1 6 



71 
7^ 
73 
74 
75 
76 

77 
73 

79 
Hi 



Lit. J Pei> 



37,41 136,1 ; 
38^1^136,82 
38,5437,31 



44,60 

45>3- 
46,04 
46,76 
47,48 
46,20 
48,92 
49»'^3 
5^r25 



3^*' 
39,6c 

40,21 

4i^^£3 

4^ 

43, 

431 

44i 

45: 

45i 

46,54 

47»^4 

47 

48,63 



5I1O7 

5 '.79 
51,51 

53^^3 
53^95 
54.67 

56,11 

57-55 



5S.17 
8; 58,99 

«3'59.7' 

8 4' 60 ,4 31 
85'6i,i4 
86 fi 1,86 



83 
8y 

91 
9^. 

93 
94 
95 
p6 

97 
98 

99 

100 



6^,58 

^3.30 
64,01 



38,68 
39i4o, 

40,83 



,90 401 



94: 



49,32. 
50,02 

50i7 

5^,'o 
5a, 



1.55 401 
;, 2641117 
43»98'4i,8'7 

^;4^ 
.4143 -' 

ii3 43iy^ 
,84144,6^1 

'.5^|45i. 
,,,28 146,0 5 
47, 99 [46^75 

48,71^7,45 
,4248,15 
50^!4M5 
5o,s6 49^54 
5^.57 50 



,984: 



p37 43. 
.0744= 
fj^ 45 1 
46 45 
-15 4'^j 
S5 47 



n 49 



40 53i 



79 54, 
5349 55 
54.13 
54,83 

55^57 



3^446 



64,74 1 62,5264.47 



65.46 63,21 
66,1863,91 
66,9064,60 
67,6265,30 
68,34165,99 
69,06166,69 

^9*7«K7. " 
70,5068.1 
7i,2i]68,7y 
7 T '93 ^^47 

46 DitX* 



\^H Deg 



I HI I D,'i>, 



3^'53]35,5& 
37p^5]3*»^9 
i7»9<i|3^'9^ 



37, 6S 
38,38 
39-^3 
39i 



77i 401 
47 4i 



57 43: 

6 44: 



36 46 



51 
,p 

44-93 
45 1^"^ 5 
^>,36 
47*07 
47.79 
48,50 
49,21 
49-93 



52,29 
or 



53-7^ 
_ .44 

55-87 
56-59 

57^ 



56,27 

56,y6 

58,35 
59,05 
59.74 
60 ,* 

61,8263,7563,10 



58,02 
58.74 
59-45 

60,17 
60,89 
61,60 

<^3.°J 



,60 66, ( 



65,90 

'%f*2 

^7.33 

,05 
68,76 

.4B 

,04170,20 

7770-9 
7t,^3 



p99 68 ,< 



38 69,. 



24 5 



-64 5 



50, 

51. 

5=i3j 

53i°3 

53.73 

54,43 

55-13 



94 5^ 



57.9^ 
58.6: 

59.31 
60,0 1 
60,7 1 
61,4 



62,80 



65,1863,50 



5V ^* 



64,20 
64,8^^ 

66,29 
66,9, 
67,69 
68,38 
69,08 
169,78; 



151 Dgg 



t4| Deg, 



36,38 

37.09 
37,80 
38,51 

39*^3 
39.94 
,66 

37 
42,08 

4^-79 



50,64 
35 

2,78 
33.49 
54,ii 
54,9- 
55.63 

5^^.35 
57.06 



!35-75. 
3*^.45 
37.15 
37.S5 
3^-55 

40,65 

41 
42,05 



95 40, 



3541 



:42'.76 
43.46 
44, [6 
44,86 

45 > 5^ 
46,16 
46,96 

47:"' 

48,36 
49 



43.3- 
44.03 

44-74 
45.45 
46,16 
46,87 

47.5S 

29 

49,00 

649.71 



66 4a 



49.76 
50i47 

51.87 
5^*57 
53^27 
53-97 
54.67 
55,37 
56,07 



50,42 

5t.i3 
51,84 

5-*55 



57.77 5<^*.77 
58,4957.47 
59,20 58,18 

59.91 5^M 
60,63 59'5^ 
61,34 60 ,qi8 



62,05 60,98 
62,7761,68 
63,4862,3" 
64,19 63,0 

64,91 63,7- 
65,62 64,4 B 
66,3365,^8 
^7,05 65,89 
7.7666,5^ 
68,47 ^7*^&i 
'19,1967,99 
69,90 68,69 
70,61169,3^, 

Oc p. \ Lri[. 



t4^; Dcf^, 



Ut, i [>,'f.. 



j6,22 

3'5>93 

37.64 

38.35 
39,06 

39*77 
.4fl 
4^,19 

42,61 



6 
6 

3*^3 
863 

864 



8966 
67.. 
68, 
68, 
69,^ 
70, 



35.9° 
36,61 

37.31 

38,03 

38,7^ 
39»42 
40,13 
40,83 

41,54 
42, 



244 



42,94 

43.^5 

44 

45 

45.76 

46: 

47,17 

47.87 

48,58 

49,28 



35 44: 
06 45i 



46 46, 



43-13 
43*84 
55 
. ^5 
45.96; 
,67 

47.38 
48,08 

48,79 

49,50 



49*98 

50. «5; 
51*39 

52,10 



53,26 52,80 

53.9753.51 
5416854,21 

55.3954.9^ 
56,10 55,63 
56,81 56,32 



57*5^57.03 
-73 



;8,43 58 



5561 



^ .M5 

5^.95 5' -Tj 

59.6^,59.14 

60,3759,84 

't,o8 6o, 

i.79[6i, ^ 

'^^y5^'fii^95 
-,2rj62,66 

r9-:^306 

-T -63^64,07: 

65.34,64r77 

66,05165,47 
"',76,66,1s 
,47|66,S]^ 
,18:67, 
,8^:68,29 
>, 60^68,99 
^5i:6g,7o 
71,02170,40 

I5i Dcg. 



59*^ 



4 5 Dd^* O 



Lai. I Ej^].. 



36,06 
36.77 
37.48 
38.18 

38,89 
39.60 

40,3 
41,0 

44,7^ 

43 



50,20 

50,91 
51,62 

33 
5:^'^3 
53.74 
54.45 
55^-'5 



36,06 
36,77', 
37.48 
38*18 
3S,89f 
39i6o. 

4'^t3T| 
41,01' 

41.7^' 
42^43 

43ii3' 
43.84, 
44.55 
45.^5 
45.99| 
46,67 
47*38! 
48,08! 

4H.79! 
49.5o | 
50,20! 



50,91 
5rM 

5^.33 
53.03 
53.74 
54.45 

55:^5 



55-86-55.86 
56-57'56,57 

57,28,57.28 

57*98,5719^ 
-69158,69 

59*4'^i 59.40' 
60,10 60,10 
0,81 60,8]" 
61,5261,52: 
62.2362,23 
62.93 62,93 
63,6463,64 



64.35,64,35 
65.05 65.05' 
65,7665.79' 

66,4766,47 
67,^867,18 
67,88'67,8S, 
63,59^68,59 
69,30169,30 
70,00,70,00 
70,7{|7o.7J 

■15 Ocg 



51 
ja 
53 
54 
55 
56 

57 
58 
59 
60 

61 
62 

64 

63 
66 
67 
68 
69 
20 

71 
7^ 
73 
74 
75 
76 

77 

7S 

79 

i? 
81 
83 

83 
84 
&5 
86 
87 
S3 
8^ 
_90 

9E 
9a 
93 

94 

96 
97 

yS 

99 
100 

a 



TABLE 



OF 



LOGARITHMS, 

FROM 1 TO 10,000. 



NOTE, 

The index of the logarithm of cvcrj integer number 
consisting of only one figure is 0, of two figures 1, of 
three figures 2, of four figures 3 ; being always an unit 
less than the number of figures contained in the integer 
number. In this table, as is generally the case, the index 
to the logarithm of every number above 100 is omitted j 
yet in the operation must be prefixed according to this 
remark; so the logarithm of '700 is 2,84510, and of 
7000 is 3^84510, and so of the rest. 



Vo. 


I.rjj^- 


Ab. 


Log^, 


JVq. [ Log. 


,Yo, 


Log. [Ao_ 


^^^g^ ll 


I 


0,00000 


21 


1,32212 


41 


1,6117s 


61 


^i7i>533 


Si 


1,90849 


2 


0,30103 


22 


34242 


42 


63325 


61 


7913^^ 


82 


9i3«i 1 


3 


o,477^a 


^3 


3*'73 


43 


^3347 


63 


79934 


fi3 


915/08 1 


4 


o,6oio6 


^4 


3802 J 


44 


64346 


64 


80618 


84 


91428 


5 


0^9^91 


*5 


3'nn 


45 


65321 


&5 


81191 


35 


OJ942 


6 


0,77815 


;i6 


4^491 


46 


66176 


66 


e*954 


86 


93450 


7 


0^82510 


^7 


4313^ 


47 


67210 


67 


»36o7 


B7 


9395a 


8 


•,yojoy 


29 


44716 


4B 


68124 


68 


83151 


88 


94448 


9 


0,9 54^4 


29 


46240 


49 


69022 


69 


838S5 


89 


94939 


lO 


I,ODOOO 


30 


477^1 


50 


69897 


70 


84510 


90 


95424 


II 


1,^141 J9 


3^ 


1,4913^ 


5i 


1,70757 


71 


1,85126 


9t 


1,95904 


12 


07918 


3^ 


50515 


sa 


71600 


73 


55733; 


91 


9^n9 


IJ 


S1394 


33 


S'BS" 


53 


72428 


73 


86331 


93 


96848 


14 


14613 


34 


53^48 


54 


73-39 


74 


86923 


94 


973t3 


15 


17609 


35 


54407 


55 


74036 


75 


87506 


9S 


97771 


i6 


2041^ 


3^ 


55^30 


56 


74819 


76 


8«o8i 


9^ 


98147 


17 


23045 


37 


56820 


57 


75587 


77 


88649 


97 


98677 


18 


^5517 


ji 


5797a; 58 


7^343 


7» 


89109 


93 


991^3 


19 


27S75 


39 


59106; S9 


76085 


79 


897^53 


.99 


995(^4 


20 1 3orojl 4D \ 6o2o6| 60 


77815 8a 


80;J09 *co.j 


2,00000 



f 



Logarithms *from 1 to 10,000. 393 



lOl 

1 03 
104 

105 

lOfi 

107 
io3 
10^ 

110 
I1 1 
112 

^'3 
114 
"5 
116 
IT7 
118 
119 



1 



01284 
01703 
0211^ 
^2531 
QI938 
^3341 
03743 



04139 

04JJ32 
04^22 
05308 
05690 
06070 
06446 

06s T 9 
07188 

°7555 



120 

121 

122 

"3 
114 
125 
126 
127 
128 
129 

13^ 
13J 



133 
134 

136 

»37 
135 

*39 



140 
14T 
14^ 
143 
144 

'Us, 
146 

H7 
14S 

H9 

15a 
15 
154 
^55 

156 

»57 

158 
159 



3.0004^ 
00432-00475 



07918 
oSa79 
0S636 
oS^^i 
0934a 
09691 
IC037 
T0B30 
0721 
U059 



11394 
11727 
13212057 



12365 
12710 

"3<=33 
13354 
13672 
T3988 
14301 



14613 
14912 

T5534 
15836 
16137 

16435 
16731 

17016 



17605 
17898 
18184 
18469 

iS75= 
19033 

193^^ 
1959°! 
198 &6 



01 326 

745 
03166 

02572 
02979 

03383 
03781 



00087 

00518 

00945 

36B 

787 

021C51 
02611 
03019 
03433 
03812 



04179 

C^457 
04961 

05346 

57-9 
06108 
0648:1 
06856 

07215 
07591 



041 1 S 
C4610' 

^499^> 

05767 
06145 
06 1^1 J 
6S93 
07162 
0762K 



0795. 
0S314 
08672 

09026 

°9377 
09726 
10071 
10414 
10755 

11093 



Ci42& 

[1760 
12090 
13418 

1^743 
13065 

'3386 
13704 
14019 

14333 



14644 
14953 

15559 
15564 

t5866 

16167 

16465 

1^76 

17055 

1731_8 

17638 

17926 



0799^5 
08350 
08707 
PQ061 
0941 2 
09760 
10106 
10449 
10789 
11126 



ri46i 

1*793 
11123 
12450 

^^775 
13098 
134J8 

1373s 
14051 
14364 



14675 
14983 
15290 
^5594 
15896 
16197 

i*495i 
16791 

17085 

^377, 



17667 

. T7995, 
18217 1^141 

18536 



849: 
1878c 
1906 
19340 
1961S 
19893 



80140^10167 



18808 
19089 
19168 

19^45 
19921 

ioi94 



00 1 30 
0056 1 
009SS 

01410 



00173 
00604 

01452 



0182801870 
01.284 

ol6iy4 



01243 
02653 
0306a 
03463 
0386 a 



04257 



04649 04688 



05038 
05423 
105805 
06183 
06558 
06930 
07198 
07664 



08017 
08386 

0874: 



■^9447 
9795 
10140 
104P3 
10S23 
ni6o 



1 1494 
T1826 
11156 

1H83 
11808 

^3^JO 

1345^ 
13767 
14082 
14395 



4706 



03 LOO 

03503 



00217 00260 
00647 00689 
01072 01115 
01494^01536 

02366 
02776 



01912 

.o^3^5 
02735 



03 141 03181 

_ _ 03543^35^3 
03 901 03941 0398 1 



04297 



05077 
05461 
©5S43 

c6:2i 

06967 

7335 

0770a 



0433604375 
4727 04766 
0511505154 
0550005536 
05880 05916 
06258 06196 
06633 0667c 
07004 07041 
07372 07408 
0773707773 



08063 
08412 
08778 



09097 09131 



09482 
0983 
10175 
10517 
10856 
"V93 



CS099 08135 

0845808493 

0881408849 

09167 09102 

095170955 

09864 09899 

0209' 10143 

055i'i0585 

0890 109^4 



11528 
1 1 860; 
11189 
12516 
1 1840 
13161 
13431 

^3799 
14114 
144^6 



14737 



15014,15045 

153^01^5351 
15625-^-- 



15917 
16227 



'5957 
16256 



16524 *6554 



16820 
17114 
17406 



17696 
17984 
18170 

18554 
18837 
19117 
9396 
19673 
19948 
20112 



16850 
17143 
17435 



177^5 
18013 
18198 
18583 
1B865 
19145 
19424 
19700 



♦7078^07114 

^37445;o748^ 
07800107846 



10149 



1117 



1561 
1893 



1 1 260 



J 1594 
31926 



2222 12254 
1548 1 258 1 
2872,12934 
319413216 

3513T3545 
383CH386 
4i45'i4i76 
4457 1 1 4488 



.^76 8 14798 
5076 1 5106 
5381 15411 
.568515715 
5987 16017 
6186 16316 
6584 ^' 
6879 

7173 
7464 



16613 
16^09 
(7302 
17493 

17781 



7754 . . 

S041; 38070 

S3^7;^S35fi 



8611 
8893 
9173 
9451 



19975 ^003 



20176 



18639 
18921 
19201 

I947y 
19756 

20030 
10303 



00303 00346 0O380 
0073100775*00817 
oiij7iOJi99oji42 
01578 01620 
0199502036 
01407 03449 
0231601857 
03113^03261 
03623103663 
021J04060 



01661 
077 

02490 



0441 5j04 454 
04805.04344 
05192 05131 
05576;o56i4 
05996I05994 



3302 
3703 

04 1 00 



04493 

04S83 
05269 

32 



^^333f=^37 106408 
06707 p67.j4Gfl-8i 



08171IC8107 
0852908565 
088 84| 08910 

0913709172 
09587 ,09611 
^9933|*^1*'9'^^8 
02781I0312 
0619] 10653 
05)58' 10992 
1194111327 



7^51 
07518 
07S82 



1628.11661 

3p59^*99i 
3287 12310 
2613 11646 
293712969 
31 58 13290 



08243 
08600 

0Sr;55 
09307 
09656 
0003 
0346 
0687 
1025 
1361 



3577 
3893 
4208 
45^0 



4819 

5137 

5442 
5746 
6047 
6346 
6643 
6938 

7=^31 
7511 



13609 

13925 

14239 

4551 



14860 
15168 
15473 
15776 
16077 
16376 

|it673 
16967 
17160 

17551 



7811 
8cQ9 
8384 
8667 
8949 
9219 
9507 

9783 
IC058 
20330 



17840 
18117 
18411 
18696 
18977 
19157 

^9535 
19811 
20085 



1694 
2024 

1352 
2678 
3001 

33li 
3640 

4270 
4582 



4891 

5198 
5503 
5806 
6107 
6405 
6702 
6997 
7289 
7^80 



7869 
8156 
8441 
8714 
9005 

9185 

9562 

9838 

10112 



20^8110385 



*> D 



394 Logarithms from 1 to 10,000. 



-vj 



i6o 3041 i i<^43y 104&6 20493 105" 
16 1 "106831^^37 1 ^i 07 36 J2 0763 20790 

io5i5ipo</7S i/co5a i03;p 1051 



16; 
164 

1 661 

»^7 
r63 
i6r, 



-1^ 
170 

17 T 



^3^45 

2J3DO 

172 13553 
13005 

243°4 
245 J I 
24797 

1504- 



173 
174 

I7| 
176 

177 
178 

m 

i8o 
181 
iGz 
1S3 
1S4 
185 
186 
187 
i83 



17416 



ao7 

20 s 
209 
ftio 
211 
212 
213 
214 
215 
216 
2T7 

21 S 



2143421511 21537 



217481 

120 

3:1272 

22531 

22780 



2177521SDI 
22037 22G0 3 

a2i9a2a3:;4| 
1155722383' 
I28i4'^-84Q 



25763 

26007 

26245 
26482 

26717 
16951 



^-7^75 
28103 
28330 
2853^ 
48780 



29003 19026 

noiiS 19148 

29459 

^9688 



lyi 
192 

193 

194 
195 
196 
197 
19S 
Iq9 

200 
201 
202 
203 
204 
205 

206 3 T 387 

J1597 

3t8o6 



29226 
29447 
2^666 



23070 j23 "^96 
'^33^5^^335° 
23578.23603 

23830123855 
24080 -41 c>5 
243 2:;|-43 53 
^4576 2460^ 

■44822 i4w 

25D6fi|i5'39^ 
25310 15334 



*57V2 
16031 



25575 
25816 
26055 



36169 -6292 

26505 -652^ 

2674: -6764 
16975 2699S 



i7^427'<=7l-'?-3 



27439^7462 
2766g|^^2!' 



i-jSt^U i79^i 



2S126 

^6353 
18578 

18803 



28149 

28375 
:La6oi 
28825 
29048 
1924S 29270 
-"-f-3949^ 
19710 

19907 i299^ 



30103 

30320 



3^341 

3053513^557 
3^750.3^771 
30963309^4 

T75!3iiy7 

31403 

31618 

31327 

3201532035 



301 95130 146 
303'^3 



3 11 11 32243 

32428'3i445 
11^34132^54 
11838.32858 
33041 33062 
3324433264 
33445 



8 

30792 
^T0o6 

3^-^3 
31429 
31*^39 
3:848 
31056 



3^^63 
32469 

32674 

3^»:9 
330S2 

3346533486 

33666336S6 



3334633866(33885 

3f ^■*3 3 4064 '3 4-^3 8 4 



20547 
10817 
210B5 
1135^ 



1059 

21564 2rl 590 216 

2iii27|2iS54'ii6ao 
22oS9'ii;i5 11141 
aa350'22375 11401 
1160SJ2263422660 
22866 218.^1 21917 



23121:33:47^ _ 

2337^^3401234' 
1362B23654 

ij83o 23905 

-4E3024i55 
2437824403 
2461524650 
14871 14895 
^5^1 53^5^39 
^5:3581^5382 



^3^7^ 
6 

^3675/ 

^393' 

r442S 

24674 
24920 
15164 
25406 



15600 
25840 
2607 9 
26316 
26552 
26787 
27021 
27254 
27485 
■^77 J 5 



25614 25648 



27508(2753] 

17738 , 27761 



37944 
iSt7i 
18398 
28623 
2Sa47 
29070 
29291 



25G64 

26102 
26340 

26576 

26SII 
27046 

'^7277 



25882 
26126 

2636. 

26600 

26834 

27068 



1 7 



20575 10601 
20844! 10S7T 
2111121139) 
21378 
21643 

22167 

22427 11453I 
216S6 1271 1' 



T 



206 29 30656 
20S9SJ10925 



,^,^iii65jiii92 

405121431 21458 

41669 1169621712 

2193211958111985 



22943 



23198 
^345^ 
23704 
^3955 
14204 
24452 
24699 
24944 

25jsa 
2543* 



-5^7 il 

26150 

2638 

26623 

2709! 

27555 
27784 



29732 39754 
20051 ^9972 



17967127989; 

1819428117 

28420 18443 

28646{2e668 

28870 

29991 

^9314 

39535 



2036t^j3°i9^ 
30^8430406 

30^003^611 

30814 3o%5 

3102' 

3T45<^ 
3 1 660 
31869 

33077 



J1048 
31260 

3H7^ 
31681 
31S90 
3309^ 



32284l3i3=*5 
314903251'^ 



33695 
3^S99 
33102 



3^715; 



iSoii 

28240' 
28466 
^8690 



229681 



146 

214791*^505 
11737111763 
12994232(9 



23213 

33477 
^3739 

2398, 
2412 

2447 
24724 

25212 
25455 



25696 

35S3 

26174 

26411 

26647 
^668 1 
27134 
27346 
27577 
127807 



28035 
28161 
18488 
18713 



iwyuo.a^toyo 10713 
28892,23914118937 
29ii5!29J37!i9i5(j 



39336 

39557 
29776 
29994 



30111 

30427 
30642 
30S56 
31 069 
31281 
31492 
31702 

319" 
311 18 



33335 
3*53 



*9353i93^o 
29579'i96oi 
2979E129S20 
30Q16I3033S 



30333'30255 

3O44y[3047i 
30664130685 



30S78 
31091 

3f30* 
31513 



3193^1 
3_3V19 



30899 
3U1* 
31333 
3^534 



3»7*3 3^744 



32160 



Pi:^*\j275^ 



33346.33367 
3355233572 



3291932940131960 
33122,33143333163 



333^^4 333*5j33345 33365 



33506 
33706 

33905 
34104 



33516(3354^33566 
337363374633766 

339253394533965 
34124)3414334163 



3^77 
329S<> 
33^33 
333^5, 
33586 
33786 
33985 
34186 



33349 
33501 
33754 
24005 
24354 
14502 
24748 

24993 
35*37. 
25479 



-3*74 
3353^ 
*3779 
Hojo 

34279 
H537 
*4773 
25018 
15261 
25503 



25720 

25959 
26198 



25744 
25933 
26221 



26435 26458 
16670 16694 
26905 
17138 



27370 

7600 

27830 



2S058 
28235 



iiiy:,y 
291st 
19402 
29623 
29S42 
30059 



26918 
27161 

*7393 
27623 

17852 



30276 

30493 
30707 

30920 

31^33 
31344 
31555 
31765 



3*95331973 



31180 



3*3^7 



33797 
3300J 

33*^3 



33^^" 
33806 

3400s 

34203 



1S081 
183^7 

29203 

29455 
29645 
29853 
300^1 



30298 

30514 
30728 
30942 

3^*54 
31366 
S1576 
31785 
3^994 
-iiioi 



31408 



335933^^3 



33021 
33*»4 



33405335*5 



33S26. 
34025 
34**51 



Logarithms from 1 to 10,600, 



395 



jYo 



2 30 
2^3 

224 

226 
227 
228 

^3^ 

^34 

^36 

^37 
238 

^9 

240 

341 

-43 

345 
246 

24' 
24H 
249 

252 

^54 
255 
256 



3424^ (34^^^^ 34^ S- 
34439 3445*!34478 
34635 34^55134674 
34830 3^fi5oi34&69 
35^25 35^=^4 35^*^4 
3541 e 35237 35^57 
3541 1 3543c. 35449 
35'>^3 35^^^ 35^41 
337933531^:33831 
35V^3 3'''<''^^ ^^^^-* 






3*^549 365^7 365S& 3*^^^^^ 5 
3*7363*^7543^7733^791 
36922 36y4o 36959 36y77 



371Q7 

37^91 _ . 

37475374933751^ .,.^ 
37658 3767^1 376y4 377'^ 



37«4o 



260 



1 



2 



361 y^ 36210 
3638 c y6y)f) 



37^-5 



373^=* 373^^ 37346 37365 



37^5^ 



38C21 
3820:1 
3»33i 

3^739 

aV7 

39C'93 
39270 
39445 
396^0 



3^=39 

^S220 

3^399 
38578 

38757 
38^34 
391 If 
39-87 

3946.1 
39637 



39794 

39967 
40140 

40312 
404S3 



40654 4067 



40S24 
40993 
41162 
41330 



41497 
41^64 
41830 
41996, 



264^4-l6c 
26iU2^2S 
266I42488 
26714-651 
%6&^23i^ 



269 

271 
272 

=^73 

1^75 
276 

h77 
3^7* 



4^975 



43136 

43^97 
43457 
43616 

43775 
43933 
44091 
4434a 

44404 
2 7 9' 445 60 



37^44 



37876 



39S11 
399^5 
40J57 
40329 

40500 



40841 
410J0 
,41 179 
41347 



415^4 

416a 

41847 

42012 
42177 
4234: 
42504 
42667 
41830 
4^99^ 



43' 
433J3 
43473 
43*3* 
4379 ^ 



44107 
44164 
44420 

44576 



\ 4 



343013432 
34498 

34694 
34889 

353^3 

35276 ^^_^^^^^^ 

35468:35488 35 5='7 
,35660^3567^35698 



34518 

34713 
349^*^ 
35^02 

35^95:353^5 



—I 

34341 
34537 
34733 
3492a 

35^*^ 



35851 
36040 



3587o|35^8p 
36059I3607S 



3f'i2iy 36 24^ 3^267 

364183643636455 
366:14 36642 
36816368 
36996 3 
37'8i 



37i6i 



375303754537566 



37894 



3B238 
38417 

8775 
.895^ 

;9I29 

^9305 
3948 c 

39^5_5 
39819 

40002 
40174 
40346 

40518 
40683 
40858 
41027 
4 J 196 
4^363 



3807- 
38256 

.84 
386 
38792 
38970 
39146 
,39322 
; 39498 
3967- 



415L 

41697 

41863 

42D29 
4^193 

4^357 
42521 

41684 
41H46 

43^7 



524316843^35 



453^9 
4^489. 



3773T 

379 f» 



38093 
38274 
38453 
3863- 
38810 

38987 
39164 
3934* 
395*5 
39^'P 



39846 

40019 
4019^ 
40363 
40535 
40705 
40S75 
4 J 044 
41212 
41380 



41547 
417T4 
418B0 
2045 
42210 
42374 

43537 

42700 
42S62 

43024 



43345 
435*^5 



4364e'43664 



43807 



4394943965 



4^122 

44279 
44436 

44591 



43823 
43981 

44*38 
44295 
44451 
44607 



37199 
373^3 



39863 



3811 
38292 

3847 
38650 
38828 
;90C5 
^9182 
39357 

39533 
39707 



40209 
40381 

40552 
407 
40892 
41061 



41397 



41 5J^4 

41731 

41896 

4206 

42226 

42390 

4^553 

42716 

42878 

43040! 



43201 
4336 
43521 
43680 



37749 
3793 



39881 



40036 40054 
40226 
4039S 
40569 
40739 
40909 
41078 



4122941246 



41414 



41581 

41747 
41913 

4^078 

4^243 

42406, 
4^5701 
42732 
42694 
43056 



43-17 
43377 
43537 
43696 



43838 43S54 



4399644012 
44T 54 44169 
44311 44326 
4446744482 ..., , . 
44623 4463514465414466 



34360! 
34557 
34752 
34947 
35141 
35334 
35516 

5717 
359^J^ 
36097 
362^6^36305 
3 647 4I 3 6493 
36661 1366B0 
36847 136366 



34380 
34577 
3477^ 
35967 

3516^ 

35353 

35545 

35736 

'359^7 

6116 



, 3440c 
34596 
34791 
34986 
35^80 

3537 
35565 

35755 
3594^ 
3*135 



37°33 
37217 
37401 
37585 
37767 
37949 



381: 
«3 
8489 



37051 

37236 
3742 c 
37603 
37785 
37967 



3814S 
38. " 
38507 



38668 38685 
38846 38863 
3 9° 40 
392 

39393 
39568 

39742 

39915 

400S8 
4026c 

4043 E 
40603^ 
407' 



9023 

39*99 
39375 

3955" 
39724 

39898 
40071 

40243' 
40415; 
40586 

40756 
40926 

4ic^95 
41263 
41430 



41597 
41764 
41929 

41094 
4^259 

42423 
42586 

43749 



41 1 V 1 
41280 
41447 



41614 

417S0 

41946 

in 

42275 
42439 

4260: 

42765, 



42911,42927 



n 



36324 
36511 

3669S 
6884 

37070 
37254 
3743S 
37621 

37803 

379^5 



38 166 
8346 
385a 
387<'3 
38881 

39=38 
39234 
394i<^ 
39585 

39759 



5 3' 



39933 
10 1 06 
40278 

40449 
406. 

3 4079<^ 
40943 4095^ 



41123 
41 296 
4T46. 



4307243033 43104 



43233 
43393 
43553 
437 "2 
43B7C 
440 2 B 

44185 

44342 
44498 



43249 
4340 V 



41631 

41797 
4196: 
4iI2' 

42292 
42455 
42619 
42781 
42943 



344io 
34616 
3481 1 
35005 

35^99 
539^ 
5583 

35774 
35965 
36154 



36342 
36530 
36717 

36903 
37088 

37273 
37456 

37639 
37822 

3goo3 
38184 
3B364 

.8543 
38721 
36899 
39076 
39252 
39428 
39603 
39777 



39950 

3°i'»3 
40295 
40466 
40637 
40H07 
40976 
4^45 

41313 ! 

414S1 



43265 
43425 



4356843584 

43727 i43743 
43886.439^2 

4^044144059 
44201244217 



44358 
44514 



i44373 
44529 
44805 



41647 
41813 

41979 
42144 
42308 

42472 
42635 

42797 
'41V59 

43110 



J3281 
43441 

43600 

4375P 

439^7 
44075 
M232 
44339 

+*545 
44700 



396 Logarithms from 1 to 10,000. 



2H3 



287 



44716 
4487 

45T79 
4533^ 
45434 

45*537 
45788 

45^39 

4^1000 



44731 
44886 

45040 
45194 
45347 
45500 

45^51 
45S03 



45954 459<^9 
45iQ5!46Tio 



46^40 

45j-,3 
2934^687 
ig4M^835 
29S:46?8i 

25>5'47^iQ 
29747^75 
29814^41^ 

agg 475*7 



4(^255146^70 
46404I4641Q 
465554^563 



3&0 
301 



4771^ 

47^57 
4Scot 



303 '48 144 
48-.B7 
48430 

4^572 
487^4 



305 
3°6 

3°7 



30SUB355 

3G9'48.jij6' 



) 



44747 
44901 
45056 
45^09 



44762 
449' 7 

45071 
452^5 



:J 



453^^45378 
45515 
456^7 
45fiig 



4477S 
4493^ 



45^40 

45393 

4553^^5545 

456ei456f?7 

45^34 45^49 

45984 46oo£? 
46135I46150 



44793 

44948 



4508645102 
45-55 

454^3 
4556! 



44809 
449^3 
45117 
45^71 
454^3 
45576 



4571-457^^ 
46015I46C130 



8 



44824 
449791 
45133 
45286 

45439 
4559^ 
4574J 
45B94 

46045 
46195 



46*^02 
46S49 
46997 
47144 

47:9'^ 
47436 

47 5 32 



46716 
46^64 
47'^12 
47158 
47305 



46 2S 5 [46300 46315I46330 
46434''i^44-:/464^ .4 U6479 
4f'583>^5-;t^ 466] 3I46617, 



46731 

46879 
47026 
47173 

4731.9 



47451 47461 
.7596 471^10 



477^7 47741 



47871 
48015 

48159 
48302 

48444 
48586 

4a7Tfi 
48869 

■400 to 



47885 

4SQ29 



48458 

4^600 
48742 
4888 



46746 
46994 

47041 
4718S 
47334 

47450 

47625 



47755 
47900 

48044 



48173 43187 
4831648330 



48473 
48615 
48756 
4-897 



4</o24|4yo38 



6761 
46 90S 
47056 

47202 

47349 

47494 
47640 



47770 
479 '4 
48058 
48 so J 

48344 
4S4B7 
4862V 



4S770 487S4 



48911 

49^12' 



46776 
46923 
47070 
47^17 
473*4 
47410 
47654 



47784 

47929 
4S072 
4S216 

4^359 
48501 

48643 



4S925 
49066 



46344 
46494 
46642 

46790 
469 38 
47065 
47232 
4737S 
47523 
47669 



47799 
47943 
48087 

48 230 
48373 
48515 

48657 

48799 
48940 
490 So 



47813 

47957 
4810T 

48-244 
48387 
48529 
4^671 
4SS13 
48954 
49094 



44840 4485^ 
44994 45009 
4514845163 
453^* 45316 
4545445469 
45606 45621 
45758 45773 
459<^9 459M 
46060 46075 
46310 46225 



46359 46374 
4650S 46573 
46657 4667 a 
46805 46810 
46953 46967 
4710047114 
47246 47261 
47392 474«>7 
4753S 47S53 
47681 47698 



47S18 4784^ 
47972 479^6 
48116 48130 
48259 '48273 
48401 48416 
48544 4855® 

48685 487 OQ 
48827 48841 
48968 48982 
4910849121 



49136 
49276 

49415 
49554 

4i;6y3 
49831 



310 
311 
31^ 
313 
314 
3^5 

317J50106 



49969 49982 



3185^^43 
3i9i5£r^ 



3^0 5^5 '5 
321150650 
323550786 
323'5092O 
324I51054 
3^5;5i^83 
3265T322 
327I51455 
3-8151587 
32951720; 



33^ 
331 

M3^ 
1, J j3 

1334 
335 

! 336 

I :;37 
33? 



5ra5 
519*3 

52ET4 

52244 
52375 

52634 

5^763 
52892 
53020 



49150 

49^9° 

49429 
495'^8 

49707 
49845 



50120 
50156 
5^393 



491 7« 
49318 



49191 
4933- 



491&4 
49304 

49443 
49582 

49721 

49859.. . . 
5999650010^50024 
50133 50T 47 50161 
50270 50 1S4I 5 0197 
50406^50420 1 5 04 33 



4945749471 
49566^49610 

49734149748 



4920649220 
493461493*° 
49485 49499 



49624 
59762 

499o( 



49638 
49776 
49914 



I' 
50037I50051 

5oi74'50i88 

50311I50325 
50447 1 5 046 1 



50529150341150556.50569 
50664I 50678 50691 50705 



49^34 
49J74 
49513 
49*51 
49790 

499-7 
50065 
50201 
50338 
5*^474 



49148 49263 
49388 49401 
495^7 49541 
49665 49679 
4980349817 
49941 49955 
50078 50092 
40215 S°^29 
5035250365 
5048 S 50501 



50799:50813 

50934f50947 
5io6S;5ioSi 



50826 
50961 
51095 



31:1015111551228 



51335 
51468 
51601 
517^3 



51343 
514S1 
51614 
51746 



51362 

51495 
51627 

51759 



5i865;5i878 
51996^52009 
52117 51V40 

52157152270 
5238852401 



5^517 
52646 

52776 
12904 
53033 



52530 
52660 
527S9 

.;^9i7 
53046 



50839 

50974 
51108 
51242 

51375. 
51508 

5 1 640 
51771 



50583 50596 
507iS'50732 
50S53I50866 
50987 J5 1001 

511^1 51135 
5125551268 
513S8 51402 
51521 51534 
51653151667 
51785I51799 



50610 

50745 
50S80 
51014 
51148 
51282 
51415 
51548 
51680 
51811 



50613 50637 

5075950772 
50893 50907 
5101S 5(041 
511625117s 
51195 5130a 
51428 51441 
51561 51574 
51693 51706 
5i8i>i 51838 



81891 
52012 
521 53 521S6 



5i904;5»9*7|5i95o 



5103542048 



51283 
52414 
5^543 
52673 
51&02 

5^93=^ 
53058J 



5^297 

52427 
52556 
526S6 
52814 

5^943 

53071, 



52179-51191 



S^Jio, 
52440 
52569 

52827 
52956 
53084 



52061 



5^453 

52532 

52711 
52840 

529^9; 
33097 



51943 
52074 
51105 

52336 

52466 

5^595 
5=7^4 
52852 
51981 
53110 



sigs^ 5197° 

52oa8 52101 

52218^2231 
12362 1 



52349 

5247S 
52608 

52737 
52866 

53904 
53122 



52491 
52621 
52750 
52879 
53007 

53*35 



Logarithms ft-om 1 to 10,000. 



397' 



-\'d 1 1 



340 
341 
341 
343 
344 
345 
34<5 
347 
34* 
349 

33^ 
>5i 
35^ 
353 
3S4 
35S 
356 
357 
35^ 
359 
360 
361 
361 

3*3 
3*^4 
3^5 
366 

3*7 
368 

[3^ 

370 
371 
37^ 
373 
374 

37*5 
377 
37S 
379 



5314853161 
53^5, 53^^S 
5340353415 
535^9 5354^ 
53^5'^ 53*^*^^ 
537^^153794 
539^*! 539^° 
54033^54045 
5^15854170 
54-82 54295 



5514555157 55i^9 
55^67 

55387 
55509 



[38° 
5381 



5440? 
5453* 



54777 
54900 



54419 
54543 



54654154^67 



5479E> 
549^3 



55^*33 53^35 



I :* 



53"73;53^^*'53*99 



[5 16 



53-01 
53428 , 

53555 
53*^Si 
53807 

5393: 
54058 

54 1 S3 
54307 



53314:533^* 
53441:53453; 
535*571535*^0 
53694:53706 
53*^°l53^3- 
53945:53958 
54070(540^3 
54^95554^08 
543^0 54332 



5443^ 
54555 
54679 
54801 
549*5 
55047 



55&30 
5575^ 
55871 

55991 
56110 
56119 
56348 
56467 

56585 
56673 



56810 

56937 
S7«54 
5717' 
571*7 
57403 
575^9 
57634 
57749 
57864 



5797« 
53092 



1381)58209 
3831583^0 
38458433 
38515^546 
386158659 
387'5877» 



3B8 
3*9 



390 
L391 



39'' 593^9 



393 
394 
395 
396 
197 
398 
399 



58Q95 



55) 1 06 
593T8 



55179 
59400 

555 *i 



55641 

55763 
55BS3 
56003 
56122 
56241 
56360 
56478 
56597 



59833 
56949 
57066 

5718^ 



55291 
55413' 
5553"^ 



55645 
55775 
55895 
56015 

56134 
56153 
56372 
564^0 
56608 



56714156726 



56844 
56961 
57078 
57194 



57^99^57310 



57415 
57530 



57646 57657 

5776^— ^ 
S7875 



5799^ 
58104 
58218 

5833^ 
58444 

5S557 
58670 
587S1 
5S894 
59006 



5943 

5955^^ 

5966 c 

5976' 
5987V 
59fje8 
60097 



59118 
59119 
59340 
^9450 
59561 
59<^7? 
59780 

59890 

59999 
6oto8 



57426 
5754a 



57772 



54444 

5456S 

54691 

548 J 4 

5493 

55059 



53339 
53466 

53593 
537^9 
53845 
5397'= 
54095 
54220; 

54345 



53^-4 
5335^ 
53479 
53605 

5373^ 
53857 
539^3 
541 oS 

54233 

54357 



53137 ; 
53364 

5349 



53744 
53870 
53995 
54120 

54245 
5437° 



55181 
55303155315 



54456 
54580 
54704 
54827 
54949 
55^7^ 
55194 



54469 '5448 
54591 1 5460 5 
54516:54718 



54849 

54962 
55084 
55^06; 



5485 
54974 
55096 
5521b 



553i8553'1o 



5542515543715544955461 
55546'55558|5557Q|55582 



55690 
55811 
5593» 



55666^55678 

55787,55799 

55907155919 

560:16 5603956050 

56i46!56j53[56i.7o 

■ ' 56289 

56407 

56516 



56^6515627 
56384156395 
5650£'565i4 
36620 56632 
56738! 56750 



56S5556867 
56972I56984 

57089I57TOI 
57^0657217 



5731^ 
57438 

57553 
57669 



57334 

574491 
57565 
57630 



55fi^3 



56062 



5618: 

56301 

56419 

56538 

5664415665 L 1 56 66 7 

56761 I56773I 567 85 



54494 
54617 
54740 
54863 
54586 
55108 
55^30 
55352 

55473 
^^5594 



55715 
55^5 



55943 55955 



56074 

5^' 94 
5631- 

56431 
56549 



56ii79l5669o'56^oi 
56996:57008157019 



5711357^4 
57229157241 

'57345,57357 
57461 ] 57473 



51^36 
5^252 
573^8 

57484 



57784157795 

57887 57^98 1 57910 



57576 5756857600 

5769l;577t3|577i5 
57807 573 J S 57829 

579^ '57933 '57944 



58001158013158024 
58115 58187(58138 
5S229J58240I58152 
58343 58354:58365 



5S456 5E467 
3B569 58580 
58681^58693 
58793I58BC5 
58906158917 
59017 50018 



5S478 
58591 
58704 
58816 



589:^8| 58939I5895CI5896 



59J39'59Ho 
5924059251 
59351 5(3362 



■9461 

59572 
59681 
S9791 
59901 



59472 
59583 
59693 
59801 

5991 i 



60010 6002 T 

60119,60330 



5[?o4o 



59151 

5 162 

59373 
59483 
59594 

59704 
59813 



5«O35,58047J58c5fc 
58149:5816158172 
58263 58274I58-86 

5^3765838*54399 
58490158501:585 11 

586o2i5l86T4;586c>5 

5871515872658737 

5S817I5SB3S 58S5C 



53^50 53^ 
5337753390 
^j-./ 53504535^7 
536 1£ 53631153643 
53757153769 
53882I53S95 
54008 540:^0 

54133154145 
5425BJ54170 
54382 54394 



54506 
546 30 

54753 
54B76 

54998 

55^*1 

J5142 
553^4 
55485 

55^jo6 



55717 



55847 ^5859 



55967 
^6086 
56205 
56314 
564^13 
56561 
56679 
56797 



55976 

56098 

6ii7 

6336 

56455 

56573 
56691 

56808 



56914 

57031 
57^48 
57164 
57380 
57496 
57611 
57716 
57841 
57955 



5^05' '5906^' 59073 



5yl6l 59173 59184 

592735928459595, _ 

593^4 59395 594o6|5f;4i7 



58070 
58184 
58*97 
58410 

58513 
58636 

58749 
5886 

58973 
'?'joB4 

59195 
59|o6 



5949415^^505 
5 9605! 5 96 1 6 

59715597^6 
598*459835 
59913 59934I59945 
600 33.6*^ 043 ^600 54 
60 141 1 60 J 51160162 



59516 5952I 
59627' 59638 
5974S 
59857 
59966 
6007 5 



5f;'737 
5984^ 
59956 
60065 
60173 



60184 



545 1 8 

54642 

547^5 
54888 
5501 1 
55^33 
55'^55 
55376 

55497 
55618 



55739 



56926 
57043 
57159 
57175 
57391 
57507 
57613 
57738 
57851 
57967 



5^081 
58195 
5&308 
584*2 

5S535 
58647 
5S760 

,nS»72 
58984 

t->095 



59207 

59317 
59418 
59539 

59649 
597 5S 
59868 

59977 
6oo«6 
60195 



^iUT 



S B 



398 



Logarithms from 



1 to 10,000. 



^ 






460 6o3o6{6o^i7 

401,60314^^33-5 „„ 
40i 60423^^433^^0444 
403:60530,6354160^52 
404I605 J S ]6^6^j 63660 

405I6J746 60756 ^^3767 
4o6j6DS53|6oS.'i3 ^0874 
407i6o95g|63v7o:.l3<^Si 
4o3l6io6rJ!^io77'^iofl7 



JV^I 1 I 



6o23r^ 

6:^563 
60670 



42V 
410 

411 

4t2 

414 
415 

41(5 

4ta 

11? 
410 
411 

4i2 

4-3 
424 
4-5 
426 

4i7 
4;* 
419 
430 

431 

43^ 
433 
434 

43* 
437 
43^ 
439 
4;o 
4p 



614^0 
61595 
61700 
6igo5 
61905^ 
'iioi4 
6211a 
6122 



61 tVl-^M iSyfil tifd 



joSSj 608 y 5 60996 60917 
6or^9i 6icic>2|6ioi3 61013 
6 109S 6110961 119 61130 
6 1 204 652156122561 ^36 



6L37!).6l2dy'6( j-io 

6T3846t3yj]6T40j 



62315 
i434iS 
62531 
6^634 
^'737 
62839 
6^941 
63043 



61500 
61605 
61710 
61SL5 
61910 
61024 
62128 



61511 
^t6 
61721 
61826 

/^^93° 
6203 

62131 
62242 



61438 
62541 



62346 



6164462655 



61747 
62849 
62951 

6;i54 



63=2^:63256 

^3347(63357 
6J44S 53458 



62757 
62858 

62;6 

6316^^ 
61166 



^354^ 
'^3'^>49 

63749 
63849 
63949 
64048 
6^147! 
6411 16; 



63558 
63659 
^^3739 
h^^9 



^^33^7 
63468 



63669 
63769 
63869 



'^395'^(6j96r; 



61058 

64157 

164576 



64063 
64167 

64266 



^3451*4355 
6 1454 



6 1444 
441.64542 
443|M4<5 
444-54738 
445[6^836 
446161733 

4n|65<53^ 

448j6jiie 
4J_9 165-2^ ti 



^436*i 

_ 64464 
6;';5i/U56i 



616-^^^46 60 
^4?4^'6;;j8 
64^ /j 64936 



^4?4.'; 
6 J 040 
65127 



6r;53 
^:i05o 
65147 



6^21165341 I 



450165311 65331^6^340 
451165418654276543-^ 



452.655r4 
453l'^5<5io 

4541*^ -^706 

456|653r/j 
457i^5i?02 
45 8 1 660 86 
459I661S 



^1619165610 

657i5'6^725 
65aiij6582i:> 
6.7^06,65915 
66001,66011 
66o'>6 .65105 
66191 66iaoi 



^ I 



•> 3 249 60200' 
60358163369 
604^6 60477 



60574 

6068 

60788 



60534 
60692 
60799 



6027J 

6037 y 



60282 
60390 



60587 6049S 



60595 
60703 
70810 



60600 
60713 



6i3io6i3;Lii6i3ji 61341 
6 1416 61 426 6 1 437 6 1 447 
61 5 21 '615326254216 1 5 53 
6V62661637I6164861658 
61731 6174216175161763 
i 1 836 6 1 847,6 1857 6 1 S68 
61941 6i95i[6i96i 61972 
61045 62055' 61066 62076 
61149 621 59' 92169 621 So 
62152 6126^^2273 62183 



8 



68 2 93 60304 
60401 6041^ 
60509 60520 



60617 
607 24 



60810 60B31 



60927 
61034 
6ii4o 
61247 



61356 62360 61377 61387 
62459 62469162483 ^-49'^ 
6256262572)6258361593 



62665 
62767 
63879 
62971 

'^3<=73 

63276 



6267562685626^6 
627736278862798 



629S1 
/^3033 



50863^3 



62890 61900 
62991 6300 



'35^^ 



60938 
61045 
61 151 
61257 



60627 
60735 
60843 
60949 
61055 
61162 

^12:8 



61458; 6 1 469 
6156361574 



6i66;p 

'^(773 
' 878 
61982 
6208- 
62190 
61294 



^ 63094 63104 
^31^^16319563205 
6323616329663306 



^^337763387163397 63407 
f^347* 634S8i6349a 6350" 



63589 



6359963609 



63679 63689 6369963709 

63779 ^37^9 ^375?9,^3^^9 
63879 63889 6389^ 63909 
6397S 63980163998 64008 

6 407 a j 640S 8 1 ^^>4a 9 S 641 oS 
641771641S7I64C97 64207 
64 1 7 6 642 ft6 ; 6 4^ -'^ 6 43^ 



(^437 JAU95!^43^5. 64405 
^447 3 ^448 J ! ^4493 ■ ^4 S o 3 
6457 2 6458 1 6459 1 6460 1 
64670 64680 646^^9 64699 
1 \^GS 6 1777164787 64797 
64S65 64g75,643S5 64894 
64963 6497 2|64.;8 2 64rKj2 
65060 65070:65079 65089 
65157 65167^517^ 651S6 

65254 65 26 iki 527 -^ 65^83 



^5350 '^53^^|^'5j6> 65379 
^5446 65456I65466 65475 
^5543 65552|6556ij6557i 



65667 65677 



656396564865958 _ 

^573 ^'957441^5753 55763 
65830 65839J6:;a49 65858 

659^5 '^i^35i'5 5944 ^5954 
66020 66030 66039 66049 
661156612416613466143 
66210 66219166229 662 jS 



-397 
62500 
63603 
62700 
62808 
619 
'6301 2 
63114 
63^15 



^341 

635(8 

63619 

63719 

63819 

^39V 

64018 

641 i 8 
64217 

64^^16 



64414 

^4513 
64616 
64709 
64807 
64904 
65002 
65099 



65292 



65389, 

^5435 
6558 



'^577^ 
65868 

^59^>3 
66058 
66153 
66247 



6136361374 

^-^-61479 

61584 



61679 
61784 
61888 
61993 

62097 
62201 

61304 



6168^ 

61794 

61S99 

6200 

62107 

62211 

62315 



61408 
62511 
61613 
627 1 
62818 
62911 
63022 
63134 
63225 
'^33-7 



63418 
63518 
63629 

'^37-9 
63B29 
63929 
64028 
64118 
64227 
64325 



64424 

'^45^3 
64621 

647 T 9 
64816 
64914 
65011 
65108 



65196^65205 



6530^ 



6539S 
65495 

6s6B6 
64782 
&5S77 
65973 
66068 
66162 
66257 ]i 



62418 

62511 

62624 

62726 

62829 

62931 

63-33 

^^3134; 

63236 

^3337 



63433 
63538 
63639 

^3739 
63839 
^3939 
6403 S 
64137 
64137 
64335 



64434 
6453^ 
64631 
64718 
64826 
64924 
65021 
651 iS 
65215 
65312 



65408 
65504 
65600 
656^ 
^5701 
658S7 
65982 
66077 
66172 
69266 



logarithms from 1 to 10,000. 
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U \ 1 



46 ; 66464 6 6 474 664S 3 
463 [66 5 a S '6 6 5 67 66577 
464 166652 6666 1 66 67 c 



465 
466 

467 
46S 
46y 
470 
471 
47^ 
473 



66755 6676.5 
6684*4 66857 
66941 66950 

67025I67C34 67043 
67 1 17 671^6 67436 



6 67 4 J 
66S39 
66932 



1711067^1967228 
6730267311 67320 

67394674^3^^7413 
674^6 67495 67J04 



508 
509 

510 
511 
512 

513 
514 
5^5 



75/> 



4746757867587 _, 
475 676696767867688 
476677616777067779 
477 67&52 67961 67S70 
47867943679526796 
479 68034 6SQ43 6S052 
4SQ 6S 1 24 68 J 33 6S 142 
481 68214 68223 6S133 
482^^305 6S314 6S323 

483 6S395 6H404'f'tS4i3 

484 68484 68493 ^^^5^^ 
485685746^583 'B592 
4Z66B6O4 68673 ^^^^' 
4876875368762 '18771 
488 6 8 84 2 6885 ! ^8S6o 
4896893T 6894c 58949 

490 69020 690261 '^9037 

491 69108 69117 H;r26 

492 6^196 6<^2o^ 69214 

493 6giBs 69293 69302 

494^9373^9381 ^^^l^f'^ 

495 69460 694691 6947S 

496 69548 69557 69566 

497 69636 69644 69653 

498 69723169732,169740 
4hi9 69810 6981^ 69827 

500 69S97 6 9 90*^1 69914 

50 1 6y 98 4 1 6999 277001 

502 70<f7o 70071/70088 



5°3 70157 70^*55 70174 
50470^43 701^2 70260 
505703297033870346 
50^5^^4157042470432 

50770501 705^9 70518 



705*6 705^^5 70603 
706717068c 7068:; 



707577076570774 
7 084 a 79851 70859 
70927 70935 70943 



66304 tiiJ3i j|.66j2 3 
66398 66408 ]664 ,17 
66492 66502:66511 
665^6^^65 96 1 666 05 



666fio6668^ 

66773^^^783 
66B66 66876 
66960 66069 
67052 67062 
^7152 



67145 



^7^37 
<^733^ 
6742: 

675M 
67605 

67697 
6;r788 

6767^' 
67970 
6fio6i 



7101: 
71096 
71181 

517(7*34 
518171433 
5191715(7 



7I4JI 71450 



67248 67 256 "67265 6 ^274' 67285 67 293 



^^7339 
<^743i 



J 7 340 
67440 



^7357 
67449 
67541 

^'^Tfi33 
677-4 
67S15 
67906 
67979 67988- 6799' 
68070 68G7f/68o£J 



67614167624 
67706167715 
67797'67So6 
67888^97897 



68151 
68242 
68332 
6S422 
6S511 
6E601 
68690 
68780 
68869 
68957 



6S160 
68251 
68341 
68431 



69046 
69135 
69223 
69311 

69399 
694^7 

^9574 
69662 

69749 
69B36 



66699 
66792 
66885 
66973 
67071 
67164 



6 I 7 



66332 06342l6C)35i 66361 
6642 7 6 6^ 3 6166 44566455 
6652 1 66530 66539 66549 
666 1 4 '666 24 66 63 3 G 664 j 
66708 16 6 7 17 66727-66756 
6680 r 16 tyS 1 1 66 8 2066a 29 
66 894 1 66904 6691366922 
f 67006.67015 



66^87,66997 U/v.vu,w^uji.5 

ft7c3o 670*^9 67099*67108 
67 1 73 67 1 &2 67J 9 1 ;672CO 



68169I6817B 681786619616^*205 



68260 

68350 

68440 

I520 68529 



^^85 

68610 

68699 

6S789 

68878 

6S966 



6S6ly 

68708 

68797 

68886 



69054 
69142 
69131 
69320 
69408 
69496 
^9583 
69671 
6975S: 
69853 

69923 69931 
70Q10 70018 



70096 70105 
7018370191 
70269 70277 

70355 7^3^3 
70441 70449 
7051670535 



70286 70295 
70372 703S1 
70458172466 

, ^ , ^^.7=^544'70:5i 
70612 70621^70629170633 



67367 
67459 
67550 
67642 

<^7733 
67^:4 
67915 
68006 

68097 



^737^^673B5 
67468:67477 
67559^7569 
67651.67660 

67742,67752 
67834^67843 
6792567934 
68015:63024 
68106681(5 



6826968273 
683 5 9 16 8 3 68 
6844^; 6S458 
68538 68547 
98(2868637 



68717 



68S0668S15 



68895 
689B3 



69064 
69152 
69241 
69329 
'9417 



6950469513 



69592 
69679 
69766 
69845 



69940 69949 
70027 70036 



70114 
70200 



687 2^ 



68^04 



69161 
69249 

'J9337 
69425 



691 7n ,69179 



6960 
696S8 

^"'9775 
69862 



69258 
69346 
69434 

^9522 

69609 



69697 69705 



697S4 

69^71 



70122 
70209 



70697^70706 707x4170723 

70783I7079I 



708CO 70808 70817 70S 25 70S34 
7086817087670885.80893 70901 7091070918 
70952170991 70969 7097 8 70986 70995 71003 
7 102017 1 029 7 1 037171 046 7 1 054 7 1 061 7 107 1 [7 1 079 7 1 cSB 
71105 71133 71112.17^43071138 71147 7n55!7i 164 71172 
7 u 89 7 1 198 7 1 206 7 111471 i23 7123 1 7 124017 ^ -48 7 1 256 
71273 71182 71290.7 1299 71307 71315 7132417 133^ 71 34^ 
^357)713^'^ 7 1374 ■713% 71391,71399 7"4o8|7 1416 71425 ! 



7i458'7i466:7i4757i483 



*,'goH2 



68287 682^,6 
^38377 68386 
68467 68^77 
.',8556 68505 
8646 68. 45 



68735 
,68824 
^^891 2 

69002 



68744 
6B833 
6S922 
69011 



69090 



69167 
''>9355 
69443 
%3i 
69618 



'^9793 
69880 



69099 
691 88 

69276 
69364 
69451 

<^539 
69627 

69714 

69 Bo I 
60888 



69958 69966 
7004470053 
7oi3TJ70>39 



7^131 7V139 J■ul^a 
702 17I70229 70134 



70303170311 



0398 

70484 
70569 
70655 

10740 



7i54i|7ij3d[7i5597is67 



71492 71500 71 5tj 8 I 
7157517^584 7^59^4 



69975 
70062^ 
70148 



703*^ 
70406 

70492 

70578 

7066;^ 
7074B 



-.1 



400 Logarithms from 1 to 10,000- 



Xo 



5107 



5^ 

514 
535 

5^7 
528 
Sly 

53 

sr- 

533 

'534 

535 

By^ 

537 
538 
53^/ 
540 
541 
541 

543 
544 
545 



600 
71684 

71767 
71S50 

71933 
73016 
72099 
711S1 
7^1*3 
71346 



547 

549 

55^ 
5Si 
55^ 
553 
554 
555 
55^ 
557 
558 
559 
560 
54i 

564 



566 
567 

570 



7160971617171615 71634 



7 1691171 700 7 1 709 7 1 7 1 7 
7n75'7^7847i79^'7i8oo 



71734 
71S17 
71900 

719*3 
71065 

7^147 

7^^301 

73i7i|723Sci|7238a|72396 723o4|7i3i3 

7^395 



7185171867 
7194171950 
7iO34'72032 
7ii07J7iU5 
72189172197 

7i354'7236i 



714^S 
73505^ 
71591 

7^*^73 
7^754 
7^835; 
71916 
72997 
73081 
73^5^ 



73^-3^ 

733i^ 
73400 

734«o 
73560 
73640 



\AJ ^ ii_L 



7i875'7i883 
7i95ff.7i(;j66 
7 2041 ■72049 

7112317^131 
72206 7221 4 






7243672444 
7251872526 

7i599;726o9 
72681^72689 

7376^7177'^ 
7284317*851 

7291572933 

73^^05 73014 

7308673094 

73^^5*7 73^5 



71641171650 

71735 
71S09 
71891 
7^974 

7^^57 
71140I 
71221! 



71659 
71742 

718^5 
71908 
991 
71074 
72156 

73^39 
:723ii 

7MC3 



7-^45 21 
72534I 
7^616: 
726^7 

71778 
72^60 
72941 
73012 
73ro2 
73^83 



725607^56872477 
72542|72550|72558 
72624J7263272640 
7170571713,7x722 
7*787 7 S79517 1803 
72868171876,72884 
72949I73957I7296J 
73030173033 73049 
73iio:73ii(;73i27 
73101.7319973107 



714^5 

71567 

72648 

72730 

7;l8ii 

72392 

1^9T 

73°54 

73»35 

731^5 



73-4773155 
733^8,73336 
73408,7341'^ 
7348873496 
735'58,7357* 



736487365673663 



546 7371 973737 [73735 73743 

547 73799 738'^7!738i 5 73831 
54K 73^78 73S86j73fl94 739<^i 

739177396^73^373 73081 



73163173171 '74180 
73344|7335ii7336o 

7343473431173440 
73504 73511I73530 



73584 73593 



74036 

74T1S 

74194 
74371 

74351 

74439 
74507 

74585 
74663 

74741 



7404474051 

741237413^ 
7410174210 

742So|74i8a 
74359.74367 
74437.74445 
745^574513 
74593 74601 
74671174679 
7474f> 74757 



748197481717483474843 
748961749047491 1749T 9 
74974 7498 1 1 74989 74997 



5051 
75^18, 



7505975066 
75»36,75i43 



5*5^5105 75i> 3,75310 



75jSiP75ier^75397 
7535817536675375 

75435 7544l!7545o 
7S51T 75519 75526 



_. 755*7175595 

571^75664175671 

572 

573 

574 

575 

576 

577 

578 

579 



75679 

75755 

75831 

75906 

75983 

76'343j76o5oj 76057 

761 18 76115:76133 

76193I76200 76*08 

76268^76i75'76283 



7574o'75747 
75815175823 

75891I75899 
75967J75974 



74060 

74139 

74117 

74296 

74374 

74453 

7453 

74609 

74687 

74764 



73671 

7375 

73^*3^ 

739 

73039 



73600 
73679 

73759 
73835 
73918 

73997 



74068 

74147 
74325 
74304 

74381 
74461 

74539 

74617 

74694 

74773 



74076 

74155 
74233 
74312 
74390 
74468 
74546 
74624 

74701 
74780 



73^-88 



7336873376 



73448 
733^8 
73608 
73687 
73797 
73846 
,73936 
74005 



74084 
74162 

174341 
74310 

7439® 
74479 
74554 
74632 

74710 
74788 



75074 
75151 
7522S 

753°5 
753S1 
75458 
75534 



74850 
74927 
75004 
750S2 
75i5<3 



7533675143 



75603175610 
' 75686 
75762 
75S38 
75PJ 
75989 
76065 



76140 
76215 
76290 



74858 

74935 
75012 
75o8*> 
75<66 



75313 



7533* 



75389175397 
75465(75473 
7554*75549 



75618175626,75633 

756947570375709 

75770 75777;75785 
75S46 75853 75861 



7 1 667 

750 

71834 

71916 

71999; 
71081 
72165 

72347 

71339 
411 



73493 
71575 
71656; 

71738 

71B19 

71900 

7198 

73063 

73143 

73133 



71396 



73456 
73536 
73616 
73695 
73775 
73854 

73933 
74013 



74091 
74170 
74249 

74537 
74306 

74484 
74562 
74640 
74718 

747P5 



74865 

74943 
75010 

75097 
7517475182 

7535' 
75318 

75404 
75481 
75557 



74S73 
74950 
7503S 
7510s 



75159, 
75335 
7S4T3 
75488^ 
75565 



475931 75939 
7599776005 

76073I760S0 
76148^76155 



75937 
76012 
76087 



75641 
75717 
75793 
75868 
75944 
76020 
76095 



, _,76i63;76i7a 

7611317613076138176245 
76298,76305] 763 1 3I76320 



a 



675 

71759 
84:^ 

71935 
72008 
71090 
73173 
71155 
7^337 
7^419 



72501 

715^3 
71665 
71746 
73837 
72908 
71989 
7307© 
73*51 
7313^ 



733^4 
3384 
73464 
73544 
73633 
73703 
73783 
73863 

7394 

74020 



74099 
74178 
74357 
74335 
74414 
74402 
74570 
74648 
74736 
74803 



74881 
74958 



75112 
75189 
75166 

75343 
754T9 
75496 



733*^ 
7339^ 
7347^ 
7355^ 
73631 
737" 
7379* 
73870 

73949 
7402g 



74107 
74186 
74165 

74343 
74431 
74500 

74578 
74656 

74733 
74811 



7 488 8 
74966 



75*3575043 



7J120 
75197 
75174 
75351 
75437 
75504 



7557175580 



75648,7565^ 
7571417573a 



75800 
75876 



75808 
75884 



76017 
7610 



7595375959 



76*>3S 
76110 



76178176185 
7615376360 
76328176335 



Logarithms from 1 to 10,000. 



401 



==1 



5 So 
581 

5S3 
584 

586 
587 

5^ 

S91 
59- 
593 
59^ 
595 
S9^ 
591 
59^ 

m 
600 
60 
602 

6c ;3 
604 
^05 
606 
607 
60& 
609 

611 
6ia 
613 
614 
615 
616 
617 
618 
619 
6zo 
631 
622 

63.4 
6as 
626 
6^7 
628 
629 

*'' 

634 
^J7 

'639 



|6 i 



7*343 
76418 

7649^ 

76641 
76716 
76790 
76864 
76938 
77011 



7650D 
7^5574 
766^9 

767-3 
7*797 
7687 

76945 
77019 



7*358 
7*433 
76507 
76582 
76656 
76730 
76805 
76879 

7*953 
77026 



7*3*5 
76440 
76515 

7*5^9 
7*5*4 
76738 
76812 
76886 
76960 
77034 



7*373' 
7*44S 
76522 

7*597 
76671 

7*745 
76S19 

7*893 
76967 

77041 



763^0176388176395 
7*455 17*4*^7*47"^ 



7*53^ 
76604 
76673 



765 37)76545 
7661 2176619 
■66B6 



76753:76760 



768 
76901, 

7*975 
77048 



6S34 

76908 
76982 

77056' 



770S5 
77159 
7713^ 
77305 

77379 
77451 
77535 
77597 
77670 

77743 



77°93 
77166 

77^39 
773 » 3 
773®" 
77459 

77532 
77*05 
77677 

77750 



77100; 

77173 
77^47 

773^ 

77393 
77466 



77107 
77iSi 
77^54 
773^7 
77401 

77474 



77539 7754* 



77611 
77*85 

77757 



77619 
77692 

777*4 



77115 
77186 
77262 

77335 
77408 
7748 

77554 
77*^7 
77*99 

7777^ 



77132 

77^95 
77269 

77341 
77415 
774S8 

775*' 
77*34 

77706 

77779 



771^9 

77203 
77276 

77349 

7741^ 

77495 

775*8 

77*4 

777H 

77786 



778 

77BB7 
77960 
7S033 



77B23 

77895 

779*7 
7S039 



7810478111 



78175 
7S247 
78359 

7^390 
78462 



7BJ83 
78254 
7*31* 

7S397 
7M9 



77830 
7902 
77974 
78046 
78118 
78 190 
78262 

78333 
78405 
7847* 



77*37 
77909 

779B1 
7S053 
78125 
7819-7 
7»269 
78340 
7B412 

7^463 



77844 

77916 

779SS 

7806 

7S13X 

78204 

78276 

78347 
78419 

76490 



7785' 

9-4 

77996 

7 806 8 

76140 

7S21 L 
78283 

7*355 
78426 

7»497 



77859I77866, 

7793i]7793 
78003 7 So lu 
7S07578082: 
78:477*154 
78219 78226 
7829078297 
7S362 78369 



7*433 

7*5°4 



7*533 
78604 

78*75 
7*74* 
7S8 

78S77 
78958 
79028 
79099 
79169 



7K540 

7S61 

78682 

7*753 
78824 

7S*95 
78965 
79036 
79106 

79 n* 



79239 
79309 

79379 

9449 

7951* 

79586 

79*57 
79717 
7979* 
79865 



79^* 
79316 

793S* 
7945* 
795^5 
79595 
79664 
79734 
79803 
79873 



78547 
78618 
7B6S9 
78760 
78831 
78902 
7S972 
79°43 
79TI3 



7*554 
78625 
78696 

7*7*7 
78S38 
78909 
78979 
79050 
79120 
9190 



78561 
7^633 
78704 
7*774 
78845 
78916 
78986 

79^57 

79127 

79197 



785^^9 
78640 

7871 1 
78731 

78852 
7*9^3 
7*993 
79<=*4 

79^34 
79204 



79^-53 

793^3 

79393 

794*3 

795. 

79602 

79671 

79741 

79810 

79879 



79260 

79330 
79400 

7947' 

7953!? 

7960CJ 

79*78 
79747 
79^^. 
79886 



79267 
79337 
79407 
79477 
7954* 
79616 
79665 
79754 
7 79*^4 
79S93 



79274 
79344 
,79414 
1794*4 
79553 
79*-3 
79692 
79761 
69832 
179900 



79934 
80003 
80072 
80 140 
80209 
80277 
90346 
80414 

so4e2 



79941 
80010 



7994H 
S0017 
80085 
80154 
80223 



30550J8055 



80079 

So 147 

80216 

80284 S029T 

S0352 

80421 

80489 



^°359 
80428 



79955 

80024 
S0092 
80161 
802:19 
80298 
80366 



79962 
80030 
80099 
8oj6B 
S0236 
80305 
80373 



80564! 



8 04 34 1 80441 
180 5^2 j8o 509 
!fio57o;8oj77 



76693 

7676^ 
76842 
76916 
76989 
63 



7*403 
7*477 
7*55^ 
76626 
76701 
7*775 
7**49 
76923 

1^991 
77070 



76401 
7*4^5 
7*559 
7**34 
767 oS 
76782 
76856 
76930 
77004 
77^78 



77137 

772 

77283 

77357 

77430 

77503 

7757* 

77*4* 
772 

77793 



77144 

77217 

77^9 

773647737 

77437 

77518 

77583 

77*5* 

77718 

77801 



77'5* 
77225 
77298 

77444 
77517 
77590 
77**3 
77735 
7780S 



77873 

77945 
7S017 
7^089 
7816 

7i«i33 



77880 

7795^ 
7S025 
78097 
78 168 

I78240 



7*5576 
78647 
78718 

7878. 



7S440 

7*5 

78583 
78654 

7B715 
78796 
7SB66 



783051783^1 
7837678383 



78447 
7*5^9 



7*455 
7*5^* 



73930J7S937 

TOG00I79007 
79078 
79148 
79218 



?9GO0 

79071 
79141 
792II 



79281 

7935 s 
79427 
79491 
79560 

79630 

79699 

79768 
79837 

79906 



7928879295 
7935* 793*5 
79435 
79505 
79574 



78590 
78661 
78732 
78803 
78873 
78944 
79014 
79085 

79' 5 5 

79225 



78597 
7 8668 
78739 
788x0 
78ij8o 
78951 
79021 
79092 
79x62 

Tfl 1 "^ '* 



79428 
7949* 

795*7 .,„. . 
79*37 79*44 

79713 
79782 



799' 3 



799*979975799*1799^9 
80037 80044 S0051 B0058 
801 c6 801 1 3 9oi 20 80 1 27 
80175 *oi82 80 1 88 80195 
80243 8^*^150 80257 *'3i*4 
80312 60318803258 
803 f^c 80387 
80448 80455 

8051660523^ ^^, .,^ ._^ 

805 84 8c 5 9 1 [80 5 y 8 3 of.04 [806 1 i 



79706 
79775 ,.. 

79844 7985 r 

79980 



79302 
7937* 
79441 
79511 
79581 
79650 
79720 
797B9 
79858 
79917 



903 f^ 3 f 80400 
80462 8 046S 



79996 
00065 
*oi34 
80202 
S0271 
80339 
^0407 
S0475 



805 3 o\ 805 3 61 80 543 



S.-1 



402 Logarithms from 1 to 10,000. 



M\ j 1 



640 60616 ao6i 

642 '807 54 80760 
643iSo82i 8ofl28 

645|Soy56i£oy6j 



8063^ 
S0695; 
80767 
80835 

So^02 
fioy6y 



646 81033S1030 81037 



6471810^0 

64S 

649 



8115S 
3f2^4 



^50 Buy I 



651 

65a 
^53 



3 [358 

Si 4^5 
a [49 



654*^553 



655 
656 



65781757 



65S 
^59 



81823 
81889 



660 
661 

664 
665 
666 
667 
66a 
669 

671 

674 
^^75 



81624 
B1690 



til 954 
82020 
81086 
81131 
82217 
82282 

8^347 
8^413 
82478 

Bi543 



82607 

8i672 

3^737 
8280s 
8^866 

676'a2j95 



678^331^3! 



81079 
e[i64 
81Z3 



8ii04 

1171 

81238 



8i^9B 
81365 
81431 
8149S 
81564 
81631 
8i6!?7 
81763 
81829 
81R95 



1961 
82027 
8209: 
82158 
S2223 
82289 

^^-354 
82419 
83484 
82549 



67_9 
680 
681 
^82 
683 
684 
68 s 
686 
687 
6^8 

68^ 

690 
691 I 



S2614 
81679 
82743 
82808 
83871 
82937 
83001 

^31^6 



83^87! «3'Q3 



^3^51 ^3^57 



«33i5 
^337B 
83442 
83506 

fij5^9 



833^1 
83385 
83448 
8351: 
S3575 



K363-1K3639 
8361^6183702 

^37591^37^5 
e^8i?.|S3828 

^3*^i«W 

84017;! 

84083 
84142 
84205 



691 84011 

f^93.34073 

69464^3'^ 

696181261 

*597l^43":> 
69884386 



5^063^ 

80706 
80774 
80841 
80909 
80976 
81043 
81U1 
81178 
8 1 24 5 



Si 305 
81371 

3143S 
81505 
81571 
81637 
81704 
81770 
81836 
81901 

87968 
82033 
82098 
82164 
82230 
^2295 
82360 
82426 
82491 
8^556 



131 1 
81378 

81445 

815 

8157S 

81644 

81710 

8177^ 
8184' 
81908 



8. 645 

80713 

8Q781 

80848 

80916 

80983 

81050 

Sell 

81184 

81251 



8131S 
S1385 

^1451 
S1518 
8158^ 
81651 

Si7t7 
81783' 

81849 

181915 



B1974 
82 040 
82105 
8ai7T 
82236 
82302 
82367 
81431 
81497 
82562 



81981 
82046 
82112 
82177 
S2243 
82308 

a^3 _ 
82439 

,82504 

82569 



Si62o[^^627 
826S5fS^692 



81750 
81814 
S2S79 
82943 
8 3 00 8 
83072 
33136 
83120 



83264 
^33^7 
83391 
«3455 
«35iS 



82756 
82811 
82885 

82950 
83014 
83078 

8314^ 
83206 

^3^ 
^3334 

^33'/^ 
83461 



83645 

83708 

8377^ 



S26^^ 
82698 
82763 
82837 
81892 
81956 
S3010 

83149 
83^'3 



83276 

^'3340 

83404 

83467 

835^5.83^3^ 



5 



I *> 



80652 

8072 

8078 

80855 

80922 

80990 

81057 

81124 

8[]9t 

81258 



81325 

8^3y 
81458 

S1525' 

SE657 
81723 
81790 
81856 
8192 



80659 
80726 
80794 
80862 
80929 
80996 
81064 
S1131 
8119S 
81265 



«^33' 

3V8 

8,465 



80665 

80733 
8080 1 
80868 
80936 
81003 
81070 

81137 
S1104 
8127 



33^ 
81405 
8 1 47 1 
81.^8 



®i53M^*53 

8^59881604 

81664I81671 

8173^(8^737 
8i796;8iHoj 
8i862'8i869 
8i92S|8{935 



S 



8067 
80740 
80808 
80S75 
80943 
81010 
1077 1 
1144 

81211 

B1278 



80679 
80747 
808(4 
80882 
80949 
81017 
B10S4 
81151 
81218 
81:285 



81345 
81411 

81478 

8E544 

fil6lT 

81677 

81743 
81S09 

81875 
81941 



81987 
82053 

82119 
82184 
82249 

3^315 . 

82380182387 



81994I82QCO 
8io59'.82o66 
82125,82132 
82191182197 
82256 81263 
82321 



351 

81418 
81485 

S1617 
S1684 
81750 
81816 
81882 
81948 



8244582452 



82007 

82073 
82138 
,81204 
82269 



8^3^-882334 
8 239 3 [8 2400 
8245 8 ;3 2465 



825 1 825i7!82523f82530 
3i57g|8i58i'S35S8 82595 



82640182646 82653 82659 
817051827 ii|8a7iS'S2724 
82769-81776 827S2 82789 
82834182840. 8x847 82853 
82S98 81905 8291 1I82918 
82963181969 182975 182982 
1^3017183033 83040 83046 
83091 183097 83104^831 10 
83i55!83i6i|S3i6e'e3i74 
83^83125,83132183238 



82014 
82079 

82145 
82210 
82276 
8^341 
R2406 
82471 
82536 
82601 



82666 
S2730 

8^795 
82859 
8 29 24 
82988 
83052 
83117 
83181 
83245 



835S2 83588 e35?4S36oi 



»3^>5^ 

f^37i5 
85778 



3)83-t!838i 



e3!>6o,83967 
84023184019 



8j2e3]83289j83296 83302 83308 
83347183353 83359 833^ ^337; 
83410IS3417 834^1 83419 8343^ 
83474 83480:8348 7 ;a3493 83499 
83544i8355^;^35S6l83563 
8 360 783613183620:8 3626 
B3670 83677:83683 83689 



'3537! 



33653183664,-,.,. ^j-.,,.-..., 
83711 83727:83734 83740 S3746 83753 



'^3784!837-)oi83797 
B38l7|B3«531?l!^ 



83S>7.fi3^^*S3v'^°l^39i^r3f/23 



S403S 840521 ^40 jS 
8414884155841(51 
84;iij84iT7!3^i23 



83?7-.!«3979i83985 
8 4036; 84043 184048 



84267 84,273 S4280 84286 

8433^1^433^ 84 342|S 1348 

. I -^ J84392 84398 81404^4410 

699I 8444S184 f54l 84460 84466)84473 



34^051841 1 1 
e4i67j84i73 
8;23oS4256 
^14 292 84298 
84354843'^^ 
84417 844^3 
84479 S4485 



838-3 
83866 



8392^ 

84055 

84ti7 
841 Ho 

84242 

84 30 5 

843^7 

8 442 9 
84491 



,83809183816 
83872 1 83879 

83935 83943 



83998 
84061 
84123 



84004 
S4067 
84130 



84186,8419 



84248 
84311 
84373 
84435 
84407 



84255 
84317 
84379 
84442 
84504 



Logarithms from 1 to 10,000. 



403 



1 



700184510 
701,34572 
70^184634 
703! 84^96 
70^,84757 

705 fi48J9 

706 8 48 Bo 
70718494^ 
708.8500^ 
7091 B 5065 



7Toi85T36 
711,85187 
71- ^5248 

714185370 



84516. 8452a 
8457884584 
S4640 84646 
84702184708 
8476384770 
84H25«483i 
84887 84893 
S494S 84954 
85009 85016 
85071185077 



845^884535:84541 
845^01845^6,84603 
84652 S46 5 8 84665 



8471484710 
8477684781 
84837 84843 



848^9 
84960 
85022 
85083 



35133 

^5193 
S5254 

85376 



7151^5431)85437 



S5491 
S5551 
85612 
S5673 



85794 8580P 
8585485860 
859141859^0 



85^74 



735 

737 
738 
139 

740 
741 

742 

743 
744 
745 

746 
747 



85558 
85618 

85679 



716 

717 
71S 

719 
7:1085733185739 

72t 
722 

7^3 
7^4 
715 
726 

717 
728 
729 



73*^ 
73^ 
732 
733 



85138 
85199 
85260 

8538a 

S5443 
8549785503 



85564 
85625 
S56S5 



S6034 S6040 



86*' 93 
K6153 
«62i3 
86273 



8633^ 
8655,2 

86451 

86510 

73486570 



86629 
86683 



85980 



H6100 
86159 
86219 

86279 



85144 
85205 

85266 

353^7 
85388 

85449 
85509 

85570 
85631 
8569 1 



85745 
85806 
85866 
85926 
85986 
86046 
36iohI^ 
86165 
86215 
^^6285 



8^>j3H 
86398 

86457 
86516 
86576 ^ 
86635J86641 
36694 8670D 

S6747 S6753 86759 
86806,8681286817 



86344 
86404 
36463 
865;;2 
86581 



8686486870 



86876 



869^318(^929 
86983 8 69 88 
87046 
87 105 
871&3 
87 2:2 1 
872S0 
S733? 



87040 

87099 

«7t57 
87216 

87^74 

. ;«733i 

748 373'>o 



87443 



749 
750 

75' 
75^ 
753 „ 
75487737 
755 877?5 
; 756:87852 
757:87910 
75887967 



86935 
86994 
87052 
87111 



87227 
87286 
87344 



3 



J^L 



8575^ 
85812 
85S72 
85933 
8 5 99 St 
86052 
86112 
86171 
86231 
8623J 



86350 
86440 
86469 
S6528 
S6587 
36646 
86705 
8 6764 
B6823 
86882 



86941 

86999 
87058 
87116 



8716987175 



^7^33 
8719' 
87350 



87396 37402IS7408 
87454!8746oi87466 



'?75^^i875iij875i8j87523 

87564|e757o;8757^i8758i 

8762518762887633,87^3? 
87680187685137691^87697 

87743IB7749 87754 



87858 
87915 

, _ , 87973 

759 [880 24(8 Bojo 



875^^ 
«7587 
87645 
87703 

87Booi878o6^S7Ki2 878iS 



84905 
B4966 
85028 
85089 



84726 
,84788 
84S50 
849 



84547 
84609 
8467; 
84733 
84794 
84856 
84917 



8 



84973,^4979 
85034 85040 



84553 ,84559 
84615I84621 
84677 846^3 
34739 

84800 u^uu^ 

84862 84868 
84924 



85095 



85150 

65111 

85272 

85333 
85394 
85455 

85576 
^5637 
85697 



^5757 
8581& 

85S7S 
^5938 
85998 
86058 
86118 
86 177 
86237 
86297 



86356 
86416 

S6475 
S6534 

S6593 
86652 
86711 
S6770 
868^9 
86888 



S6947 
87 00 5 
87064 
87112 
8718 

37^39 
87297 

7355 
37413 

87471 



87864^87869187875 
a792i|B7927j87933 
87978 87984 8795' J 



85 15^^ 
85ii7 
85178 

85339 
85400 
8546 



85101 



85i<i3 

85224 

52S5 

85345 
85406, 

85467 



5 

85 04O 
JS5107 



85522S5528 
85582 8558S 
ii5643 ^5649: 



85703 



85709' 



85763 

85824 

85884 

85944 

86004 

86064 

86 134 

86183 

86243 ' 

86303 



85169 
85330 

8529 L 

B535I 
85412 

85473 

&55J4 
S5594 
85655 
S5715 



S5769. 
85830 

85 9 50 
86« 10 
86070 
86lSo' 
86189 
186249! 
86309 



^5775 
85836 
85896 
85656 



B4566 
84628 
84689 

84745(84751 
84813 

84874 
84930 84936 



84991 
85114 



35175 
85236 
8529- 

85418 

8S479 
85540 
S560Q 
85661 
857^1 



85181 
85241 

853Q3 . 
85364 
85425 I 
85485 t 
85546 
85606 
85667 
857^7 



85781 

85842 

5902 

85962 



36363 
86421 
S64U1 
36540 

86599 

86653 

8671 

S6776 

86835 

86894 



86368 

864^7! 
:i6487' 
S6546 
86605. 
B6664 

86723 
867^3 
86841 
S6900 



86953 
^17011 
S7Q70 
871^8 
87186 
87 245 
873='3' 
87361 

87419 

87477 



87535 

87573 

8765 

&7708 

87766 

87813 

87881 

^7938 
87996 



88036^88041 ^83rj47;B3o53 



S6oi6S6o32 
4^6076 860S2 
86i36'86i4i 
86iy5j862oi 
86255 ;d 6 26 1 
863141^6320 



86374 863S0 
8643386439 
86493 ]S 6499 
£655if86558 
86611 86617 
86670 86676 
86721; 86735 
867S8S6794 
S6847 86853 
86906186911 



869 5 8 86 964 186970 

87017 " 

87075 
37134 
87192 
87251 

87309 

873^^7 
87425 
87483 



f 87013 
^87081 
^ 87140 
^87198 
[87256 
?8;3[5| 
r 87373 
;S743i 
\ 87489 



87029 
87087 
87146 
87204 
87263 
:8732o 

87379 
87437 
87495 



87541 
87599 

877*4 
87772 
S7829 
87887 

87944 
88001 
88059 



^7547,8755^ 
87604187610 
37662187663 
37730,87726 
87777 ,«77a3 
8783587841 
87S9287898 
87950I&7955 
8800788013 
88064 88870 



84997 
(15058 
85120 



85788 
35848 
85 90 8 
85963 
H6028 
86088 
86147 
86207 
86167 
863_2_6 

863S6 I 

86445 

86505 

36564 

86623 

86682 

S6?4v 

86800 ; 

86859 

86917 



86976 
87035 
87093 

8715^1 
87210 
87263 
87326 
S7384 
87442 
87500 



87fl58 
87616 
87674 

8773^ 
87789 
37846 
87904 
^79^1 
88018 
88076 
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ir= 



A a 



761 BtSiiS 
762 

765 
766 
767 



B8196 

88366 
8S42J 
88480 
768:88536 

.76_4^'^5y3 
7V-.^ 



880&7 
)Aii 1 44 
8820 
88338 

837^ 
88419 
88485 
88542 



88767 

BSb24 
Sae;74J8yiii;o 
^£9308^36 
^986S899i 



S8705 
J^ 1:762 



89042 
890B9 
89154 



791 
792 



7 

772 

773 
774 
775 
776 

777 
77S 
779 

78 T 
7M. 

7^'3 
734 

7^5 

7t6 

7^7 

7^ 

7^9 

790 H9763 



^9206 

^'y265 
89321 
89376 
1*9432 

*^i9467 
8954^ 
*9597 

81^70' 



S9bia 

9S73 

793iSy9-7 

794|3y9i'^2 



75/5 
79^ 
797 
798 

799 



9°°3: 
90091 
90146 

yo2oo 

y0255 



800 
801 
802 
803 
804 
805 

I 8g6 
807 1 906 87 



90309 
90363 
90417 
90473 
90526 
90580 



80890741 
80990795 



810 90849 



8f 
812 

813 
814 

81s 



90902 
90956 
91009 
91062 
91 116 



i 



88093I88099 
8815088156 



89048 
8yi04 



S8io7 
88264 
8S331 
8837H 

88434 
88491 

88547 
8^604 

b^66o 
Ei87i7 

8H773 
L38941 

38997 
89053 

89 1 og 
S9165 



^9215 
8^271 
8^316 
85^382 
^9437 
«9493 
B954C' 
9^03 
8965^: 

^9713 



89211 
89276 I 

3933- 

"93 7 ' 

9443 

x>9498 

89553 

^9609 

9664 

89719 



8^768 
B9823 

^■^9933 

i59E/£.^ 

90042 
90097 
9015T 
90^06 
90260 



90314 
90369 
90423 

90477 
90531 



90634 90639 90644 



90693 

9^747 
90-00 



816-91169 
817 91212 

819 91328 



90^54 
90907 
90961 
9x014 
91068 
91121 
91174 

91281 



88213 
88270 
88326 
88383 
88440 
S8497 

8H610 



bc666 
8B722 
8^779 
88^35 

8S947 

i^9oo3 
S9059 
89U5 
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90217 
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88247 
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90222 
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90 227 1 
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90331 
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90493 
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89193 
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89465 

89520 
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^93°4W93i=^ 
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90445 
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91069 
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89^51 
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90015 
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90124 
60179 

9^^33 
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90504 
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9°773 
90827 
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9E04 
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91148 
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8919 
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89143 
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90455 
90509 
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8900' 
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90026901 
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91165 
9131-H 
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9365^ 
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9191891924191919^91934 



919B 
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91449 
92500 
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9^593 93598|9^6o3j 
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9IC38 
92091 

93J43 

92195 

93^47 
91298 

91350: 
9a40i 



92706 
91758 
91809 

92B60 
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93^54 
93105 
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93:^07 
93258 
93308 
93359 



93059 
931 10 
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93313 



9296 
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93317 
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9416694171 
941t6;9412i 
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92814 
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93374 
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91418 
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91534 
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917S7 
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91100 
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91665 
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93768 
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9141491429 



91477 
91539 
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91 640 
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92205 
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93464 
93515 
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91619 
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92722 
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91875 

9292' 
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9306993075 
93120 



93135 
93176 

93217 
93278 
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93379 
93430 



93976 
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93080 

93131 
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9333: 
933S3 
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9338-: 

93^35 
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93536 
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93626 
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93737 
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93827 
93^7793881 
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93581 
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94032 

_ 94082 
94ii6|94J3i 
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94315 
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93586 
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936^7 
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9413^ 
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94335 
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51845 
91897 
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91903 
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,4191 
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93546 
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^6009 
96057 
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97J09 
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96647 
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97253 
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97165 
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21936 


9939S 


22438 


©0fi02 


=9 


3^ 


2T912 


9939^ 


225 lb 


77484 


00604 


7608B 


2« 


33 


21987 


99394 


1^93 


77407 


00606 


7B013 


^7 


34 


22C62 


9939^ 


12670 


7733^ 


00608 


77938 


26 


35 


22 J 37 


9939^ 


22747 


77^53 


00610 


77863 


is 


36 


12211 


99388 


22824 


77177 


00612 


7778g 


14 


37 


22286 


993S5 


22901 


77099 


00615 


77714 


S3 


38 


22361 


99334 


12977 


77022 


00617 


77*^3«9 


22 


39 


22435 


vn^i 


23054 


76946 


00619 


775'^5 


21 


40 


9,22509 


9^99379 


9.231 JO 


10.76670 


10,00611 


10.7749' 


20 


4f 


225B3 


91377 


23202 


7^*793 


006^3 


77417 


19 


42 


2-^657 


99375 


^3^h 


76717 


00616 


7734^ 


18 


43 


22731 


9937^ 


^3355 


76641 


00628 


7726s 


f 17 


44 


22B05 


99370 


33435 


76565 


00630 


77^9! 


tS 


45 


22873 


^9368 


^35**= 


76490 


00635 


7712^ 


' 15 


46 


22952 


993^*2 


2358G 


76714 


00634 


7704^ 


f4 


47 


23025 


9,».l64 


1366 J 


7^33^ 


0063^ 


7697 J 


13 


4fi 


13098 


95^362 


*3737 


76163 


CC638 


7690: 


. 12 


49 
50 


i3nt 
9.23244 


993 5*i 


13812 


76i8i) 


00641 


7632? 


5 10 


g 99^.57 


9.23887 


10.761 13! 10.00643 


1 0.767 5* 


:a 


23305 


^.9355 


23961 


7603 a 


00645 


7668^ 


I t 


5- 


^3390 


99353 


S4037 


759*^a 


00641 


766i( 


. 53 


23462 


P9J51 


?4in 


75Safl 


0064^ 


7653^ 


J : 


, 54 
B ^5 


^2535 


5934S 


Htse 


* 7SS^i 


0065^ 


7646^ 


i 6 


23607 


9934^ 


14261 


7373? 


0065^ 


7'^39 


J 5 


5t> 


^^19 


9[>344 


^4335 


7566s 


0065* 


; 7<i3* 


I 4 


57 


^3751 


^934^ 


1441 c 


' 7559c 


J 00(^5^ 


1 7624 


5 3 


58 


33«^3 


9934^ 


2445^ 


^ 7551^ 


) ooi]6c 


] 7617 


T * 


59 


^3*95 


99337 


H55fl 


^ 7544^ 


, 0066^ 


7610 


i • 


60 

= 


239^7 


99335 


24631 


I 753^* 


J 0066 i 


r 7603 


J 


Lu-.uie. 


^sinr-. 


Lo-'^iit^* i ^iiii. 


L o->ec. 


.ist:cant, 


M. 








3 


\ 


80 De 


jrees. 





4 1 8 Artificial SineSy^ Tang, and Sec. 10 Deg . 



^ 


Sine. 


S.9V335 


i arv^. 


O^-i^wt 


>t^r:ni*:, 1 Co-sec, 


^ 


o 


1^.25967 


9.24633 


10.75368 


10,00665 


10,76013 
7590^ 


6» 1 


1 


1403^ 


V9333 


24706 


75294 


00667 


^2 II 


a 


24110 


9933^ 


24779 


75:11 


00669 


75890 


58 


3 


24181 


99J38 


24S53 


75147 


00673 


75819 


57 


4 


24253 


99r-6 


34936 


75074 


00674 


75747 


5S 


5 


^324 


99324 


25Q00 


75ogo 


00676 


75676 


55 


6 


^4395 


99323 


25^73 


74927 


oo6^S 


75^^35 


54 


7 


3446CJ 


993^9 


25146 


74854 


00680 


75534 


53 


B 


14.73'S 


vn^7 


35219 


74781 


0C6S3 


75464 


52 




246^7 
9.24677 


99215 
9*993*3 


35392 


74703 


00635 


75303 


51 


9-253^5 


10.74^35 
74563 


10.006B7 


10.75323 


50 


1 If 


2^474^ 


99310 


25437 


00690 


75252 


49 i 


k 1% 


248 1 3 


9(?3oB 


35510 


74490 


00692 


75181 


48 


1 13 


24SBS 


99306 


^5^^^ 


74418 


00694 


75112 


47 


1 14 


24558 


99304 


25^55 


74345 


00696 


75'-^4^ 


46 


rs 


2joi5 


9^3^ 1 
99299 


"^^i -i 


74273 


00699 


74972 


45 


i6 


35168 


35799 


74301 


o#7oi 


74902 


44 


17 


99397 


35371 


74129 


00703 


74832 
747 B3 


43 


IS 


35^37 


99294 


35943 


74057 


00706 


42 


'9 


25307 


9939:1 


26015 


739ff5 


00708 


74693 


4» 


sio 


P--537^ 


9,59290 
99388 


9.26086 


10.73914 


10,00710 


10,74623 


40 


11 


^5445 


36153 


73*42 


00713 


74555 


39 


31 


i55i4 


99:85 


26220 


73771 
73% 


00715 


74486 


38 


^J 


255aj 


99283 


16301 


00717 


74417 


37 


-4 


25^52 


99281 


16372 


73618 


00719 


74348 


36 


^5 


25721 


99578 


104-13 


73557 


00733 


74379 


35 


26 


25790 


99276 


36514 


73486 


(10714 


74110 


34 


27 


25838 


99274 


36585 


73415 


00726 


74142 


33 ! 


^B 


25527 


99271 


36655 


73344 


00729 


74072 


32 


19 


2 5'J95 


99^ 6 g 


26726 


73274 


00731 


74005 


3» 


30 


5.26063 


9,99267 


9.16797 


10.73303 


10,00733 


1^0^73937 


30 


3' 


26131 


99264 


16867 


73133 


00736 


73869 


29 


3^ 


""^'99 


99262 


26937 


73°'^3 


00738 


73810 


aS 


33 


26^67 


9926b 


17003 


72992 


00741 


73733 


^1 


34 


^6j35 


99257 


37078 


72933 


00743 


73^5 


26 


35 


316403 


99^55 


37T48 


72852 


00745 


73597 


25 


36 


26470 


99252 


17213 


72782 


00747 


7353° 


24 


37 


".653S 


99^5° 


27388 


727 IX 


00750 


73462 


23 


3S 


26605 


99248 


27357 


72643 


00752 


73395 


22 


3^^ 


2667: 


99245 


27427 


7^573 


00755 


73318 


31 


! 40 


9,26739 


9.99243 


9,27496 


10.72504 


10,00757 


10,73261 


29 


4 J 


i68o6 


99HI 


27566 


7^434 


COT59 


73*93 


19 1 


4^ 


26873 


952381 


27635 


723«>5 


00762 


73127 


i3 


t 43 


2694^ 


99236 


27704 


72296 


CO 764 


73060 


n 1 


44 


37007 


9923J 


27773 


72227 


00766 


72993 


16 


43 


2707.1 


9^231 


2784- 


7215S 


C0769 


72927 


IS 


46 


27140 


99319 


27911 


72089 


00771 


72860 


H 


47 


37206 


99226 


27980 


72020; 


00774 


72794 


13 


4a 


27^73 


99224 


28049 


7'95t 


00776 


72727 


13 


49 


, 2733V 


99321 


2^:17 


71^63 


OQ779 


71661 


10 


5^ 


p.27405 


9,99219 


9.28186 


10,71814 


10.00781 


10,72595 


."i^ 


-7471 


99217 


18254 


71746 


00783 


72519 


9 


51 


27537 


99214 


2S323 


7^677 


00786 


72463 


8 


33 


276C2 


99211 


28391 


71609 


03788 


72398 


7 


54 


27668 


99209 


2845.; 


7154^ 


00791 


72332 
73266 


6 


55 


27734 


99-^7 


28527, 


71473 


00793 


5 


^■'\ 


27799 


99204 


28595 


7U0j 


00796 


722(0 


4 


57 


27864 


99202 


28662 


7T33^ 


007 oS 


72136 


3 


5S 


27930 


99200 


28730 


7127a 


03800 


72070 


^ 


5^ 


27yy5 


99197 


18793 


7t202 


ooS^3 


73005 


1 


60 


iEd6'T^ 


99^95 


38865 


7TV35 


00805 


7194*^ 





Co-ijilTL-j 


Sinr, 


Co-id ni> 




Co-^t!C. 1 


decant. 



79 Degrees. 



Artificial Sines y Tang. ajifl.Sec, 11 Deg, 419 



1 


r^ 


-Sine. 


Co-51!lC 


T;m^, 


"CcH.T!l^]S^-r']iV. 


0>.^cr, 


"~^ 


.'■ 


o 


9.28060 


9.99195 


9.1886^ 


10,71 I35jjo»oci 805 


10,7194© 


77" 




' 


28125 


9919^ 


289.13 


71067 


OoSoS 


7i875 


59 




^ 


28190 


991 90 


2yooc 


71000 


CoSio 


71810 


58 




3 


28254 


99187 


29or>7 


70933 
70S60 


00813 


71746 


57 i 


' • ; 


4 


28319 


991B5 


29134 


008 1 j 


71681 


56 




5 


28384 


991 S; 


^9201 


70799 


00818 


71616 


B5 \ 




^ 


28448 


991 Sc 


I936S 


707.12 


oo8::o 


71551 


54 


} 


7 


2S512 


99177 


-9335 


70665 


00823 


7148S 


43 ' 


8 


28577 


99175 


29402 


70598 


00825 


7K23 


52 


f 


9 


28641 


99J7U 


29468 


7053I; .0082B 


"l^^S^ 


5^ 
50 




lo 


9,28705 


9.99^70 


9^^S^5J5 


10,70465 


io>oo830 


1071^95 




ZI 


.28769 


99167 


29001 


70399 


00833 


71131 


49 




12 


28833 
28896 


991^5 


29668 


70331 
70266 


€0835 


71167 


48 


' 


13 


99167 


29734 


00838 


71104 


47 


r 


14 


28960 


99160 


2,9800 


701100 


00840 


71040 


46 


1' 


^5 


29024 


99*57 


^9866 


70134' 0ESB43 


70975 


45 


i 


i6 


29087 


99^ ^5 


29932 


70068 i 00 $45 


70913 


44 




I? 


29150 


99151 


29998 


70002 


00848 


70850 


"♦3 




i8 


29214 


99150 


30064 


^993* 


^10850 


70786 


42 




'9 


29277 


99T47 


30130 


69870 00853 


707^3 


41 

40 


20 


9.29340 


9.99145 


9,30195 


10,69805 10.00855 


10,70660 




2t 


29403 
29466 


9914:^ 


30201 


69739. 0085 8 


705^7 


39 




28 


99140 


30326 


69674' 00860 


70534 


3g 




^3 


29529 


9yj37 


3^3yi 


69609I 00863 


70471 


37 


• 


24 


V^^ 


99^35 


30457 


69543! 00865 


70409 


3^5 




*5 


99^ 3^ 


3^5^^ 


694781 oo&6t^ 


70346 


35 




26 


29716 


99130 


30587 


<S94i3f 00870 


70284 


34 




a? 


^9779 


991^7 


30651 


6934s 


00873 


701:; 1 


33 




28 


29841 


991:24 


3°7'7 


692B3 


00076 


70I59 


33 . 




29 


^99*3 


99122 


3f>7fi2 


69218 


00878 


700^7 


3' 


30 


9.29966 


9'99i^9 


9.3084G 


10,69154 


io,Qc88i 


10,70*34 


30. 




31 


30028 


99J 17 


30513 


69089 


00881 


69972 


29 




3i 


30090 


99 "4 


30975 


69025 


CC886 


699J0 


28 




33 


40151 


9911^ 


3T040 


68960 


00833 


69849 


27 




34 


40213 


99109 


31104 


68896 


00S91 


597^7 


26 




3? 


40275 


9?io* 


31168 


68831 


00894 


697^5 


23 




36 


40336 


99104 


31^33 


6S767 


0089*^ 


69664 


U 




37 


40398 


95101 


3i3&( 


68703 


00899 


69601 


^3 




18 


40459 


99099 
99096 


68639 


0090T 


69541 


1^ 




. 40 


40521 


31424 


63575 


00904 
io,P09O7 


69479 

1 0.6941 8 


20 


9.40582 


9,9^093 


9,31589 


10.68511 




4« 


40643 


9qogi 


3t45^ 


68448' 00909 


^^9357 


tq 




42 


40704 


99osa 


31616 


68384 


00912 


69296 


iS 




43 


40765 


99086 


31679 


68310 


00914 


'TM 


17 




44 


40826 


99083 


3^743 


68257 


00917 


16 




^5 


40887 


990^0 


31S06 


68r94 


00910 


69115 


/5 




46 


40947 


99078 


31870 


68130 00932 


6905^? 


14 




47 


41008 


• 99^^75 


31933 
31996 


68067 00925 


98992 


*3 


■ 


48 


41068 


99073 


6S004 00928 


68931 


12 




49 
50 


41 129 

Q.4U89 
4/249 


99070 


32059 


67941' 00930 


68871 


^ 


9,99067 


9^3^ ii3 


10.67878 10.00933 
67815, 00936 


10,68811 


. 


51 


99064 


JiiSs 


68750 


9 


I 


52 


41310 


9906^ 


33248 


67752; 0093B 


68.^90, 


8 


53 


41370 


990JQ 


3^311 


67689 00941 


68630 


7 


54 


41430 


99056 


3^373 


676-7 


c^944 


68570; 


6 \ 




55 


41490 


99054 


32436 


67564 


00946 


6S510 


5 




56 


41549 


99051 


3249S 


675^i 


00949 


6845 1 


4 




51 


41^9 


99048 


315^1 


*7439 


00951 


6S391 


3 




58 


41669 
41728 


99046 


3^623 


67377 


00954 


%3^ 


2 




?9 


99043 


3^6S5 


673' 5; 00957 


68272 


I - 




60 


41788 


99040 
Sine. 


32747 


6715-21 0C960 


682^2 




VI. -^ 

■T — A 




Ilo-sine. 


Tang. iCo^a 


Sw^unt. 


. 








7H Ik 


:gr§es. 









420 Artificial Sines, Tang, and Sec. 



nDeg. 





I 
a 
3 

4 

1 

7 
8 

9 


Sine. 


Co-sine. 


Tangent 


Co-4:mv 

10.67*53 
67190 
67128 
67067 
67005 
66943 
66881 
66820 
66758 
66697 


Secant. | Co-sec. 


1 ^ 


9.3^78-8 
31847 
31907 
31966 

320^5 
32084 

32143 
32202 

3^3<^i 
323 '9 


9.99040 
99038 
99^35 
99032 
99030 
99027 
99024 
99022 
99019 
99016 


9.32847 
32810 
32872 
32933 
3*995 
33357 
33219 
33'8o 
33141 
33002 


10.0C960 
C0962 
00965 
00968 
00970 
00973 
oo:;76 
00978 
00981 
00984 


10.68212 

68153 
68093 
68024 

67916 
67857 
67798 

67739 
67681 


60 
59 
58 

11 

55 
54 
53 
52 
51 


xo 
II 

12 

»3 

14 
15 
j6 

17 
18 

19 


9-3^378 

32437 
42495 

3^553 
32612 
32670 
32728 
32782 

32844 

32902 


9.99013 

• 99011 
99008 
99005 
99002 
99000 

98997 
98994 
98991 
98989 


9-33365 
33426 

33487 
3354« 
33609 
33670 
33731 
33792 
33853 
33913 


10*66634 

66452 
66391 
66330 
66269 
66208 

66x47 
66087 


10.00987 
00989 

00992 
00995 
009 8 
01 000 
01003 
01006 
01009 

OIOOl 


10.67622 
67563 
67505 
67447 
67388 

67330 
67272 
67214 
67156 
67098 


50 

49 
48 

47 
46 
45 
44 
43 
42 
41 


2« 
21 
22 

^3 

24 
25 
26 

27 
28 

29 


9.32960 
33018 
33075 
33*33 
33»90 
33148 
33305 
33362 
33420 
33477 


9.98986 

98980 

98978 

98975 
93972 
98969 
98c,67 
98964 
98961 


9-33974 
34034 
34095 
34155 
34215 
34276 
34336 
34396 
34456 
34516 


10.66026 
65966 
65905 
65845 
65784 

65664 
65604 
65544 
65484 


io«oioi4 
01017 

01020 

PI022 
01025 
01028 
01031 
01033 
0(036 
OICJ39 


10.67040 
66982 
66925 
66867 
66810 
66752 
66695 
66638 
66580 
66523 


40 

11 

35 
34 
33 

32 
31 


30 

3' 
3^ 

33 
34 

u 

39 


9'33534 
3359» 
33<^47 
33704 

33818 
33874 
33931 
33987 
34«43 


9,98958 
98955 
98953 
98950 
98947 
98944 
98941 
98938 
98936 
98933 


9-34576 
34635 
34605 

34755 
34814 

34874 
34933 
34992 
35051 
35^11 


1C.654M 
^5365 

^53'^5 

651Z6 

rt^c^7 

64^^49 
^4889 


10.01042 
01045 
01047 
01050 
01053 
01056 
01059 
OJ062 
01064 
01067 


10,66466 
66409 
66352 
66296 
66239 
66182 
66126 
66069 
66013 
65957 


30 

:i 

27 
26 

25 
24 

23 

22 
21 


40 
41 
42 
43 
44 
45 
40 
47 
48 
49 


9,34100 

341 5<^ 
34212 
.34268 
34324 
34380 
34435 
3449* 
34547 
34602 


9.98930 
98927 
98924 
98921 
98919 
98916 
98913 
98910 
98907 
98904 


9-35170 

35229 
35288 
35346 
35405 
' 35464 
35523 
35581 
35040 
35698 


oj .648 ^o 

64771 
64712 
^4653 

^H%'?5 

6;,,6 
rt-,478 
/j4M9 


10.01070 
01073 
01076 
01079 
01081 
OT084 
01087 
01090 
01093 
01096 


10.65900 

65844 
65788 

65732 
65676 
65620 
65564 
65509 

65459 
65398 


20 

19 
18 

11 

15 
14 

'3 
12 

II 


50 
51 
5^ 
53 
54 
55 
56 
57 
58 


9.34658 

34713 
34769 
34824 
34879 
34934 
34989 
35044 
35099 
35154 
35409 


9.9890T 
98898 
98896 
98893 
98890 
98887 

98884 
98881 
98878 

98875 
98872 


9-35757 
35815 
35873 
35931 
35989 
36047 
36105 
36163 
46221 

36336 


1C.64243 
64185 
64127 
64069 
64011 

63953 
63895 
63837 
63779 
63721 
63664 


10.01099 
01102 
01 104 
01107 
OHIO 

on 13 
01116 
0III9 
01122 
OII25 
OII28 


6.r^j« 
6^n6 
651=1 
65066 
65011 

64710 
64846 
64791 


10 

9 
8 

7 
6 

5 
4 
3 

I 



«« 


Conine. 


Sine. 


Co-tang 


Tiuig. 


Co-iec. 


Secant. 


M. 



77 Degrees* 



Artificial Sines, Tang, and Sec. 



\S Deg. 



421 



' M 


Si J 11?. 


CoViiip 


l^^in^. 


Ci -taME:^] Set ;ui1. 


Co-'^i^c, 


I 60 


^ 


□ 


9,35209 


51.9837 a 


9,36336 


io«63665|i^.oii2{ 


r 0.64791 




I 


35-^3 


98869 


3^394 


63606 


01130 


647';6| 50 




7 


3531& 


98867 


3^451 


63548 


01133 


646:1^ 


53 




3 


35^73 


98864 


3650^; 


6349? 


01 1 36 


64^^? 


i1 




4 


354^7 


93861 


36566 


63434 


^^^3^ 


64573 


^ 




5 


35431 


93858 


36624 


6337S 


01143 


64513 


53 




6 


^553^ 


98855 
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21' 

22 

23 

24 

^1 

27 
28 

29 


9-54093 

541 «7 
54101 

54195 
54229 
54263 
54297 
5433' 
54365 
54339 


9.97206 
97201 
97196 
97192 
97187 
97182 
97178 

97173 
97163 

97163 


9.56887 

56926 
56965 
57004 
57042 
57081 
57120 
57158 
57197 
57235 


ip.43113 
430,74 
43035 
42996 
42958 
4*919 
42880 
42842 
42803 
42765 


10.02794 
02799 
02804 
02808 
02813 
02818 
02822 
02827 
©2832 
02837 


10,45909 
45873 
45839 
45805 

45771 
45737 

45669 

45635 

45601 


4d 
39 
38 

36 
35 
34 
33 
32 
31 


3<3 
3^ 

32 
33 
34 

36 

37 
38 
3<? 


54500 
54534 
54567 
54601 

54635 
54668 

54702 
54735 


9,97149 
97154 
97149 
97145 

97140 

97135 
9713^ 
97126 
97I2I 
97110 


9-57274 
57312 

57351 
57389 

574«8 
57469 
57504 
57543 
57581 
576x9 


10,42726 
42688 

42649 
42611 
42572 
42534 
42496 
42457 
42419 
42381 


10.02841 
02846 
C1851 
02855 
02860 
02865 
02C70 
02874 
02879 
02884 


10.45567 
45534 

45466 
45433 
45399 
45365 
45332 
45«98 
45265 


30 
29 
28 

27^^ 
26 

25 
24 
23 
22 
ai 


40 

41 
42 

43 

44 
45 
46 

47 
48 
40 


9-54769 
54802 
54836 
54869 

54803 
54936 
54969 
55003 
55^36 
55069 


9.97116 
97x06 
97102 
97097 
97092 
97.087 

- 970S3 
97078 

97073 
97068 


*? 57^*38 
S7^?6 

57734 
57772 
573to 

573+9 
57^87 

579^5 

57g^3 

f^S-oi 

.Vlii5 

5S153 
5^^229 

. 5^^^1 
5E304 

5^342 
58380 
58418 


0142342 
42304 
42266 
42228 
42190 

52151 
42113 
42075 
42037 
41998 


10,02889 
02893 
02898 
02903 
02908 
02913 
02917 
029C2 
0*927 
02932 


io.45a3i 
45198 
45164 

45131 
45097 
45064 

. 45031 
44997 

44564 
44931 


20 

19 
18 

11 

15 
14 
13 
12 
ir 


50 
51 
32 
53 
54 
55 
56 
57 
58 

60 


9.55102 
55136 
55^69 

55207 

55268 
55301 
55334 
55367 
55400 

65433 


9.97063 

97059 
97054 
97049 

97044 
97039 
97034 
97030 
97025 
97020 
* 97015 


10,41961 

419^3 
41885 

41847 

41809 

41771 

41^96 
41658 
41630 
41582 


ro.02937 
02941 
02946 
02951 
02966 
oa.^6i 
02965 
02970 
02975 
02980 
02985 


10.44S98 
44864 
44831 
44799 
44765 
44732 
44609 
42?666 

44633 
44600 

44567 


10 

1 

6 
5 
4 

3 
2 
I 





(.'o-sinc. 


Sine. 


tfy-taiig 


Fang. 


C^o-sec. 


biecaiit. 


M. 



^ 
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o 
1 

3 
4 
5 
6 

7 
8 

9 

JO 

II 
12 

^3 
14 

15 
36 

^7 
18 

^9 


Siiie^ 


CrHiiiie 


T^AVK, 


G-ktrf; 


Sec am. 

iQ.o 1^985 
o2y9i> 
oa995 
02999 
03004 
OJO09 
CJ014 
03019 
03034 
03029 


Co-^X'C. 


■.-1 


9*55433 
55466 

55499 
5553^ 
55564 

55597 
55630 

55663 
55695 
5573« 


9.97015 
97010 
97005 

970ot 
96996 
96991 
9M6 
96981 
96976 
96^71 


9.5E41H 
5S455 
58493 
5S531 

5S56r. 
58606 
5C644 
5S6C1 

58719 
5H757 


ic.4i5£i 

4^545 

41507 

4M69 
41431 
4T394 

4^356 

41231 
41243 


lojM 56 7 
44534 

4450 r 
44468 
44-36 
44403 
44370 
44337 
44 3 '-'3 
4427- 


^ 60 Ij 
59 il 

5« ,; 

n 
56 

55 
54 

53 i 
52 • 

: 5=3 ' 
40 
^3 

47 
46 

4^ 1 
44 
43 

4^ 
41 ^ 

40 
39 
38 

36 
35 
34 
33 
3* 
3« 
30 

^ 

26 

^5 
24 

=3 

22 
21 

iS 

\l 

14 

^3 

12 
11: 
10 

8 

I 

5 

2 

I 



9.55761 

55793 
558^6 
55838 

559^3 
55936 

56021 
56053 


9,96i;^6 
96962 
9^*957 
96952 
96947 
9694- 

96937 
96932 
96927 
96922 


9-5^794 
5S832 
5S869 
5S907 
58944 
58981 
590-9 
59056 
59094 
59'3' 


10.41 ;o6 
4m68 

4TI31 
41093 
41056 
41019 
4098T 
40^44 
40906 
40S69 


10.03034 

03*^3^ 

03043 
03048 
03053 
03053 
03063 
030 68 
03073 
03078 


10.44^39 
44267 
44104 
44^42 

44109 

44077 
44044 
4401 i 
43979 

43947 


20 
31 

£2 

^3 

34 
-5 
:26 

^7 
28 
29 

30 
3^ 

3^ 
33 

34 

'^ 

fa 

39 


9.56085 
56118 
56150 
56182 

56247 
56279 
56311 
56343 
56375 


9.96917 
96912 
96907 
96903 
9689S 
96893 
968&3 
96883 
96S7S 
96373 


9.5916S 
59305 
59=43 
59=So 

593^7 
59354 

59%9^ 
5942 g 
ap466 
59503 


1040832 
40795 
40757 
40720 
406S3 
40646 
40609 
40571 
40534 
40497 


10.^03083 
030S8 

^3''93 
03097 
03102 
03107 
031T2 
031T7 

03 1 23 
03127 


1043914 

43SS» 

43^5^ 
438. 8 

43785 
43753 
43731 
43689 
43657 
43635 


9.5640S 
56440 
56473 
56504 
56536 
56568 

566^3 
56695 


9.96868 
96863 

q6848 

9^^SZ 
96838 
96833 
96828 
96S23 


9-69540 
59S77 

59683 
59735 
59762 
5'J799i 
59^35 
59872 


IQ. 40460 
40423 
40386 

40349 
40312 

40375 
4O23& 
40201 
40165 
4012S 


,10.03132 

03137 
03142 

03 H7 

03157 
03162 
03167 
OJ172 
03177 


10,43592 

43560 
43538 

& 

43433 
43400 

43369 
43337 
43305 


40 

41 
4-i 
43 
44 

.49 

'■ 

54 

3 

t59 
,.60 


9.5^*7*7 
56759 
56790 
56822 

56^54 
56886 

56917 
56949 
56980 
57012 


9.96818 
96808 

96778 
96771 


9.59909 
59946 

59983 
600 1 9 
60056 
60093 
60130 
60166 
60203 
60239 


10,40091 
40054 
40017 
39981 
39944 
33907 
39870 

39834 

39797 

39760 


10,03182 
03187 

03192 
03197 
03202 
03207 
03212 
03217 
03222 
03228 


10.43373 
43241 
43210 
43178 
43146 
43114 
43''^3 
4305 » 
43020 
429SS 


9*57044 
57075 
571^7 
57^38 
57169 

57101 
57=33 
57364 

57^95 
573^^ 
57357 


9,69767 
9676^; 
96757 
9575-, 
96747 
96743 
96 V 57 
96733 
9672^ 
96722 
9671: 


9.60276 
60313 

& 

60422 

60459 
60495 
60521 
6056S 

6060 jj 
60641 


10,39734 
395S7 
39651 
39^14 
39578 
39541 
395<^5 
39468 

3943^ 
39395 
39359 


10,03^32 
^3*38 
03343 
03348 

03^53 
03258^ 

z% 

03273 
03278 

^3^*3 


10.4^95^' 
42925 

tllll 

42S3^> 
43790 
4-768 
43736 

427^5 
42674 
4364» 


CiHiiite, 


yinc. 


Cti-tang 


T'-mt^. 


L'o-sec. Sccuiil. 


fit" '■'■J 


•f^rr"^^ 




. . . .'■■■ 
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il 



M. 



4 
5 

6 

i 

B 

Q 

lo 

13 
^3 
14 
15 
i6 

17 
i8 

^9 

31 
33 

34 

35 
36 

^7 
IS 

10 



30 

3^ 
3^ 
33 
34 

37 
38 

30 
40 
4t 
41 
43 
44 

I 4(1 

47 
43 
49 



S'hv\ \ L'o-Tiiiv J Tarf^., 



-J-^JLl - ,, 



**573jS 
-57385 
574-a 
5T4J^ 
.5745.11 
575-4 
5754:: 
57S:^ 
576G7 

9.57669 
577QO 
577.V 
577<SJ 
57793 
57S-4 
57S54 
57«S5 
57f;i6 
579-i7' 



9'57:<f7« 

58039 
58070 
58100 
58131 
58161 
5819^ 
5B223 
5^:153 



9.SB1S4 

58345 
58375 
5S4Q6 
58436 

5B467 
5^497 
585^-7 
58557 



5S61S 
58^48 
5 678 

SS708 

5873',^ 
5S769 

58799 
5S8if? 

5^S59 



5^ 
5T 
5^ 
53 
54 
55 
5^> 
57 
58 
59 
60 



I 9,58839 

53949I 
58979 
59009 

5V039 
59069 
59093 
5913B 

5QIKS 



X.o-'ine. 



9'9^7*7 

^9^7M 

96706 

96701 

9669 ( 

9668 r 
96676I 
9667 ol 



9,96665 
96660 
y6655 
961^50 
96645, 
96640 
^663 4 

<j65i9 
96624 

966 I Q 



9.96614 
96608 

9^598 

9''^593 
96 ^aa 

965S2 

9^577 
96571 

9^5^7 



96551 
96546 
96541 

9^535. 
9^530 

96513 
9'^5T4 



6^.577 

60744 
60750 
607&6 
60813 
6o85<,> 
60^95 
60931 1 
603^17! 

9,51004 1(5.38906 



Co-t :in d Srcn n t . IC (j-s< ' 



JO*3?359 
393^3 
39-86 

39114 
39^7 
39141 
39 J 05 
39069 
3^P<='33 



61040 
61076 
61121 
61148 
61104 
6iiio 
6:15^ 
61:51 
6r:,iS 



10,03383 
0J3S9 
031194 

^3^99 
t>33°4 
C3309I 

^33^9 
'>33i4 
<^33J^ 



36960 

38gi4 
38SS8 
3«33i 
38816 
38780 

38 

3^738 

386 



9,f> 1 364I 10.30636 



61400 
6(43<5 
61473 
6150$ 

^^544 
61579 
61615 

61^87 



9.96509 
9^^5'^4 
9649S 

9^493 
9MS 

'/!4S3 

f;6477 

g'i47i 
96467 
^646 



9.01721 
61758 
61794 
/11 8 \o 
61865 
6 1 50 1 
61936 
61971 
62008 
61043 



9.964^56 

9/^45 
96440 
96435 
96429 
96414 
96419 
96413 
9640S 

9^n 



9. 6 2079 
63114 
61150 
621K5 
62221 
62256 
61291 
63317 
61362 
6i3<>a 



aitit?. 



9.6143J 
61468 
6^504 
62539 

5^574 
61609 
6^645 
61680 

6275c' 
63785 



3S60Q 

38564 

38528 

3^49 

3S456; 

38421 

3^385 

38313 



10*38178 
38142 
3820^ 
3S170 

38135 

38099 

3B063 

I 33oi« 

! 3799^ 

_37£57 

10,379^ t 

378S6 

37S15 
37779 

3774^; 
37738 

37^^73 
37^3S 
376r>2 



10.375^7 
3753* 
34496 
3745 1 
37416, 

37391 
37355 
J73^o 
37185 
37^50, 
37^151 



10.0333 
03340 
°3345 
C'3350 
03355 
0336a 
03366 
0337^ 
•^337^ 



1.03386 
0339- 
^3397 
03403 
03 40' 
03411: 
03418 

"='34^3 
0341 

^1433 



0,03438 

03444 

03449 

03454 

03459 
03465 

03470 
03475 
034 Bo 
03486 



( 0.03491 
03496 
03502 
0350' 
03512 

035^ 

035^3 

0^518 

03533 
0353^ 



LC-, 03544 
03549 

03555 
03560 

ns^5 

0357r 
03576 
03581 

<*35S7 
03593 

03597 



1 0,42614 2 
4761T 
4^580 

41549 
4^5iS 
424S6 
4i455 
42424 

41393 
4236 



1^-4^33 
413^' 
42269 
41I38 
42207 
41176 

4if45 
41115 
42084 
42053 



1042022 

41991 
4^961 
41930 
41890 
41896 
41838 
41808 
4^777 
4V747 



10.41716 
4 1 636 
4J655 
41615 

41594 
41564 

4^533 
41503 

41473 
41443 



10,41411 
4^382 
4I352 
41322 

4^39^ 
41161 
4U3J 
41201 
4117T 
4114^ 



l4iig. JLi>s<^r. 



1041 1 1 1 
41061 
41051 

41031 

40991 
40961 
40931 
40903 
40872 
40843 
40S13 



Secant. 



.vr_ 

'60 
59 
5S 
57 
5^^ 
55 
54 
S3 
51 
51 



H 



50 

49 
48 

47 
46 

45 
44 
43 
41 
4v 
40 
39 
3« 

2^ 
35 
34 
33 
31 
3}_ 

30 
39 
58 

27 
36 

^5 
24 

=3 

33 
at 



^9 
18 

16 
*5 
H 
»3 
13 
ft 



.M- 



«TDegr«es, 



Arlificial SincSy 


Ta77g. and Sec. 23 


Deg. 


45! 


ti - — " 


Ssine. Ci)-sitie 


'laii[;. 


Co-lanj> 


St^'itiit. 


CV^c. 






y,59iBS y. 9640 3 


9,62785 


10.37215 


10.03597 


1,040812 


Co j 




1 


59217 


9'^397 


62820 


J71&0 


03603 


40782 


59 




2 


59^47 


96392 


6.«S5 


37145 


03608 


40753 


58 




3 


5y^77 


96386 


6^890 


371^0 


^13613 


40723 


57 




4 


593^7 


963S1 


629^6 


37° 74 


03619 


40693 


i^ \ 




^ 


5933^ 


96376 


62961 


37039 


036^4 


40664 


55 t 




6 


59366 


96370 


62996 


37004 


03630 


40634 


54 




I 


5^9^ 


96364 


6303 T 


36969 


^1^^5 


40604 


53 
5^ 




8 


59455 


^6360 


63066 


36^34 


03640, 40575 




9 


5^55 


9*^354 


63101 


36399 
10.36865 


03646] 4^^545 


50 




10 


9,59484 


9-9*349 


10,03651 


1040516 


1 


II 


sysM 


9^343 


63170 


36830 


^3657; 


40486 


49 




12 


59543 


96338 


63205 


36795 


03662 


4^57 


43 




'3 


5957.1 


9*333 


63240 


36760 


03667 


40427 


47 




14 


5960; 


903*7 


63375 


36715 


03673 


40398 


46 




«5 


5966i 


96322 


63310 


366^0 


C3678 


40368 


45 




i6 


9*31^ 


63345 


36656 


03684 


40339 


44 




^I 


5969P 


96311 


^337y 


36620 


0363; 


403'° 


43 




iS 


5y72o 


96305 


63414 


36586 


03695 


40280 


42 




1Q 


59749 


96300 


63449 


3655J 


03700 


40251 


41 

40 




lo 


9.5977® 


9.96204 


9.63484 


10^36516 


10,0370611040222 




it 


59808 


96289 


63519 


36481 


G3711 


4019^ 


39 




21 


59^37 


962B4 


63553 


36447 


03716 


40163 


3« : 




^3 


59^^ 


96^78 


63588 


36412 


^3711 


40134 


37 1 




24 


59S95 


96273 


63623 


36377 


^3717 


40105 


36 




25 


599-4 


96267 


<?3*57 


36343 


"^3733 


40076 


35 




26 


59954 


96262 


63692 


36308 


^37 3B 


40046 


3* 




117 


599*3' 


96256 


637^6 


36*74 


03744 


40017 


33 




18 


6uoi2 


96251 


€3761 


36139 


03749 


3998S 


3* 




29 


60041 


9*-45 


63796 


36204 


«37S5 


39959 


30 




3=^ 


9,60070 


9,^140 


'i'X 


10,36170 


10,03760 


10,39930 




3' 


60099 


96234 


36135 


C3766 


39901 


29 




3^ 


60123 


9621S 


63895 


36101 


02771 


39872 


28 




33 


60156 


96223 


63934 


; 36066 


03777 


39843 


n 




34 


601B6 


96217 


6 396 8 


36032 


^3783 


3^814, 


16 




3| 


60215 


96212 


640^3 


35997 


03788 


39785 


55 




3^ 


60044 


96207 


64037 


35963 


03794 


39756 


24 




37 


60273 


96201 


64072 


35928 


03798 


39727 


^3 




3« 


60302 


96296 


64106 


35894 


03804 


S9^9& 


22 




39 


6033 T 


96290 
9.961*5 


64440 


35860 


03810 


39669 


21 




N 40 


9-^0359 


964175 


10,35825 


10^3815 


10,39641 


20 




41 


603B8 


96179 


64209 


3579^ 


03821 


39611 


19 




42 


60417 


9^n4 


64^43 


35757 


03826 


39583 


18 




43 


64*446 


96163 


64278 


357" 


03S32 


39554 


37 




44 


60474 


96162 


64312 


35S68 


G3838 


39515 


16 




45 


60503 


96157 


64346 


35654 


03343 


3949:! 


^5 




46 


60532 


96151 


64381 


35619 


03S49 


37463 


14 




47 


60561 


9614^ 


64415 


3558s 


03855 


39439 


^3 




48 


60589 


96140 


64449 


3555^ 


03860 


39411 


12 




49 
50 


6c6ie 


96135 


64483 


35517 


01866 


39382 


ji 




9.60646 


9.96129 


9-64517 


io'354«3 


10,03871 


10,39353 


10 




5' 


60675 


96124 


64552 


35448 


C3»77 


393-5 


9 




5i 


60704 


96118 


64586 


35414 


^3882 


39296 


8 




53 


60761 


96113 


64620 


3538° 


03888 


3926S 


7 




54 


96107 


64654 


35346 


03893 


39-39 


6 




^5 


60789 


96ioE 


64688 


35y^ 


03995 


3921 1 


5 




56 


608 tS 


9^^95 


64722 


35^7® 


03905 


39^31 


4 




57 


60846 


9609Q 


64756 


35H4 


03910 


39^54 


3 




5« 


60*74 


96084 


64790 


35*1° 


039' 5 


39125 


2 




;^ 


60903 


96079 


64824 


35176 


03921 


39097 


I 




60 


60931 


96071 


6485B 


35147 


039^7 


39C69 







.„ 


Cy^ine, 


5ine. 


Coujig 


Tani^cntttcpstrc. Ibecailt. 


; 
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12 


61:7c 
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°39^5 
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6s2i^i^ 
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\l 
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34600 
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95977 
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04023 
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34533 


04029 


3856* 
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19 
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^^ 
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27 
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29 
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30 
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31 
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34096 
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28 


32 
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34063 
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33 
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34029 
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34 
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35 
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041 '^7 


38089 


^5 


P 
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95S6S 
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33939 


04131 


38061 


^4 


*> 

37 


61 96^^ 
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66104 


33896 


04138 


3803*1 


^3 


38 
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22 


39 
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2t 

20 


40 
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10*37951 
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II 


42 
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317^9 
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43 
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33696 
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37869 


\l 


44 
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33663 


04179 


3784^ 


45 
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95E15 
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04185 


37814 


*5 


46 
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66404 


33596 
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37786 


14 


47 
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95804 


66437 
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37759 


^3 


48 
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95858 
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0420:1 


3773^ 


12 


49 
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33497 
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37704 
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10 


59 
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51 
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66570! 
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52 
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54 
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37S4T 


5 11 


56 
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57 
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3489*^ 


24 


37 


65130 
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70184 


29816 


■ C4?^4 


3i7i9 


'I 


44 
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Q 
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7C997 
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11 
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49 


11 
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43 


^3 


66015 
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33975 


% 


14 
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71153 
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05102 


3395° 


15 
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45 
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28735 


05115 


3390 J 


44 


57 
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5:4878 
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33^76 


43 


le 
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28713 


05119 


3385^ 


4* 


19 


^6173 


94S65 


7i3^S 


28693 
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33^17 


41 


ao 
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9.94858 
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10.05141 


10.33803 


4« 


21 
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94852 
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28630 


0514S 


33779 


^l 


52 


66146 


94S45 
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33754 


3« 


S5 


66270 


94839 


7H31 
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05161 
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^? 
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94832 
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2S538 


05168 


3J705 


25 


66319 


94826 


71493 


28507 


05174 


33*34 


25 


26 


6634.1 


94S19 


715^4 


28476 


05181 


33657 


34 
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6636S 


94813 


7T555 


18445 


05187 


3363J 


33 


sB 


66392 


94806 


715S6 


28414 


05194 


33608 


32 


29 
30 


66416 


94799 


7i6r7 


28383 


05101 


33584 


31 


9.66441 


9-94793 


9.7*648 


10.28351 


10,05207 


^=■33559 


30 


31 


66465 


947B6 


71679 


2S321 


05214 
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29 
18 
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05220 
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33 


66513 


94773 


7*740 


28ii6o 


05217 
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34 
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94767 


71771 
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05^33 


33463 
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66562 
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71802 


28iy8 


05140 


33438 


^5 


3« 
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94753 
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38167 


05147 


33414 


24 


37 
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94747 


71863 


28137 


05253 


33390 


23 


35 


66634 
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28rofj 
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33366 


22 


39 
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94734 
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28075 
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33341 


2t 
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9-94717 
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20 


41 
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947^0 
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28014 
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33^93 


19 


41 
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94714 
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^79«3 
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33269 


i3 


43 


6*^755 


&47°? 


71048 


27952 


0529J 


3:P45 


\l 


44 


66779 


94700 


7^.o7e 


27921 


0530^ 


33111 


45 


66«03 


946^4 


7^^ 1^9 


27891 


05306 


33197 


»5 


4^ 


66«.7 


946S7 


72140 


27860 


^52^ 3 


33173 


14 


• 47 


6m-^\ 


94680 


72 170 


27830 


053^o| 3:^14^ 


^3 


48 


66*75 


94(574 


72201 


27799 


^53^6^ ^y^^ 


12 


. 49 


66899 


94667 


72^31 


27769 


053 3»l as^^i 


11 


9^56022 


9,*M'66o 


9.72262 


10.27738 


10*05340 to, 3i':!7& 


10- 


: 5' 


66946 


^-\^5^ 


71293 


27707 


05346 330:^4 


% 


5^ 


66970 


94647 


7231.; 


27678 


^52^^^ 33^JJ 


53 


66994 


9461c 


72354 


27646 


05360 33006 
05366 33982 


I 


' 54 


6701a 


94<!*34 


72384 


27616 


55 


67042 


94637 


73415 


^lb^% 


05373 3^958 


3 


5^ 


67066 


94620 


72445 


^7555 


osi^<^ 3^534 


4 


• 57 


67Cyo 


94614 


72476 


27524 


05386 


31910 


3 


58 


67113 


94607 


7^506 


27493 


05:^93 


32887 


2 


59 


^7ts7 
67161 


94600 


7^537 


27463 


05400 


31863 


I 


eS 


94593 


72567 


17433 


05407 


32839 





Co-sine, 


!5Uie* 


Co-tang 


Tang. 


Co-sec. 


Secant. 


M. 






SXSBB 


" 






, . 





€2 Dtt|(r«e8. 



'450 Artificial Sinesy Tang, and Sec. 28 Deg. 



nci 


?5ino- 


Co-sitie 1 


Tan^. 


Co UiiSf 


Swant. 


Ct>-cc. 




\ 


o 


9.671^1 


9-94593 


9-73567 


10.27433 


10.05407 


10,32839 


J 


67185 


§45«7 


72598 


27402 


05413 


3-815 


59 




3 


6720S 


94580 


72(^28 


^7372 


C54'io 


32792 


58 




3 


67231 


94573 


72^59 


27541 


<>5427 


32768 


57 




4 


67^56 


94567 


726S9 


27311 


<^5432 


3^-744 


56 




5 


671SC 


94560 


7:1720 


27280 


05440 


32720 


55 




6 


^15^^ 


94553 


72750 


17250 


05 447 


32697 


54 




7 


673-7 


94546 


72780 




05454 


32673 


53 [ 




B 


57350 


94540 


728 ti 


i7tS9 


05460 


32650 


52 







^7 574 


9^533 


72841 


17159 


05467 


31625 

IO»326o2 


51 
50 




lO 


9-^739* 


9.94526 


9.7287^ 


10,27128 


10.05474 




1 1 


67421 


94519 


72902 


1709fi; 


05481 


3^579 


49 




12 


67445 


945^3 


7^93^ 


2706S; 


05487 


3^555 


4» 




'3 


67468 


945^6 


7^963 


37037 


05494 


3^53^ 


47 




14 


67491 


94499 


72993 


17007 


05501 


3150S 


46: 




X5 


67515 


94492 


73023 


26977 


€5508 


32485 


45 f 




i6 


<5753'; 
67561 


94485 


73054 


26946 


05515 


3^46 1 


44 t 




I? 


94479 


73^^1*4 


26916 


C5521 


3^438 


43 f 




i3 


67^86 


94472 


73^14 


26886 


05528 


3*434 


42 




3^0 


676o<; 


94465 


73^44 


26856 


°5535 


32391 


4i 
40 




ao 


9^^i^:^3 


9,94458 


9-73^*75 


10.16325-10,05542 


10,31367 




21 


67636 


94451 


73^°5 


26795 


05549 


32344 


39 




sa 


67680 


94445 


73=35 


26765 


^55^5 


32320 


33 




^5 


67703 


94438 


73265 


16735 


05562 


31297 


37 




a4 


67726 


94431 


73^95 


26705 


0556^ 


32274 


3^ 




^5 


6775c 


94424 


73226 


16674 


05576 


32250 


35 




36 


67773 


944 n 


73356 


26044 


°55^3 


32:27' 


34 




a? 


677^6 


94410 


73386 


26614 


05590 


32204 


33 




as 


6782c 


94404 


73416 


26584 


05596 


31160 


3- 




ay 


67843 


94397 


73446 


26554 


05603 


3^f57 


3^ 




3^ 


9,67866 


9.94393 


9-7347^ 


10.26524 


10 05610 


10.32134 




3^ 


678(^3 


9^333 
94376 


73507 


56493 


05617 


32110 


^' 




3^ 


67f?i3 
67936 


73537 


26463 


05614 


3^037 


28 




33 


94369 


73567 


26.' 33 


05631 


32064 


27 




34 


67959 


94362 


73597 


26403 


05638 


32041 


%6 




^l 


67g83 


94355 


736^7 


26373 


05645 


3 20 J 3 


15 




3* 


6Ss&6 


94349 


73657 


»6343 


05651 


31994 


24 




37 


6So2Q 


94343 


736S7 


16313 


05655 


3^97^1 


23 




38 


6S052 


94335 


737^7 


262S3 


0566^ 


3194S 


22 




39 


6flo75 


943^'^ 


73747 


2625^ 


0567^ 


310^5 


21 

20 




4^ 


9.68068 


5 9432 J 


9-73777 


10»26223 


10,05679 


10,31902 




41 


68121 


943H 


73807 


26193 


036S6 


31879 


19 




42 


68 144 


943'^7 


73837 


26163 


^^^93 


3^B,6 


18 




43 


68167 


943C0 


73367 


'6133 


05700 


3^833 


T7 




44 


6ft If; 


94-93 


73397 

739s? 


26[o3 


05707 


31810 


16 




:? 


6821 -J 


942 S6 


26073 


C5714 


317S7 


15 . 




6&2J7 


94279 


73957 


26043 


05721 


31763 


14 




47 


6&26Q 


94273 


739S7 


26013 


05727 


317^0 


13 




48 


68282 


94266 


74017 


^59^3 


05734 


31718 


12 
II 

10 

9 




49 

50 


6E:,o^ 


94159 


74047 


25953 


05741 


31695 




y,6Sj2S 


9,94252 


9.74077 


10.25923 


10,05748 


10.31672 




5' 


6335' 


94^45 


74107 


25^93 


*57S5 


31649 




5^ 


6S374 


9423a 


74r37 


25863 


05762 


31 626 


3 




53 


68397 


94^3 1 


74^66 


15»33 


05769 


3HS03 


7 




54 


6S420 


94224 


74196 


35S03 


05776 


31580 


6 




55 


6S443 
6M6 


94^^17 


74216 


25774 


05783 


3^557 


5 




56 


94210 


74156 


. ^5744 


05790 


31534 


4 




•57 


6S4SV 


94203 


74286 


15714 


05797 


3151^ 


3 1 




5S 


68^11 


W96 


74316 


25684 


P5804 


5148S 


1 1 




I''* 


68534 


94189 


74345 


25655 


05811 


31466 


r [ 




60 


6B557 


94182 


74375 


15625 


05818 


31443 


Q 1 
M. J 




Co-sine 


bine. 1 


Co-tan4^ 


Tangent 


Uo^ec. 


Sfcant. 





H P^sv^< 



Artificial Sinat, Tang, and Sec. i^Deg. i.TT 



'' M. 


Sine. 


Co-sijie. 


Taii^. )C(wauH 


Secant. 


C^O'Scc. 


-1 


o 


9.68557 


9.94182 


6.74375 jio.256i5 


10,05818 


10-31443 


00 


I 


68580 


94»75 


744"5 


^5595 


05825 


31420 


59 


2 


68603 


94168 


74435 


'^5565 


05832 


3^397 


5« 


3 


686^5 


941 61 


74465 


25535 


05839 


31375 


57 


4 


68648 


94»54 


•74495 


255^6 


05846 


31352 


56 ; 


5 


686n 


■ 94147 


74524 


25476 


05853 


313^9 


55 


6 


68694 


94140 


74554 


25446 


0586c 


313^6 


54 


7 


68716 


94133 


7458.^ 


25417 


05867 


31384 


53 


8 


t!,lt 


94126^ 74613 


25387 


05874 


31261 


52 . 


9 

lO 


941 10 


74633 


25357 


05881 


, 3'238 


51 1 

50 


9.68784 


9.94112 


9-74673 


io.253t7 


10.05888 


10.31216 


XI 


68807 


94i05 


74702 


25298 


05895 


3«i93 


49 


1 12 


68829 


94C98 


7473^ 


25268 


05801 


31170 


48 


;3 


68852 


94090 


74762 


25238 


05910 


31148 


47 


14 


68875 


94083 


74791 


25209 


•5917 


3^"5 


46 • 


15 


68894 


94076 


74821 


25179 


05924 


31103 


45 


i6 


68920 


94069 


74851 


25149 


0593^ 


31080 


44 - 


I? 


68942 


94762 


74880 


25120 


05938 


31058 


43 


i8 


68965 


94»55 


74910 


25090 


05945 


31035 


42 


'9 


68987 


94048 


74936 


25061 


05952 


. 31013 


41 
40 


20 
21 


9,69010 


9.94041 


9.74969 


i*.2503i 


10.05959 


10.309QO 


69032 


94034 


74998 


25002 


05966 


30968 


5? 


22 


6^S5 


94017 


75028 


«497» 


05973 


30945 


3« 


as 


69077 
69100 


94020 


75058 


2494* 


^5.9?? 


30923 


32 


24 


94012 


75087 


^491 3 


05988 


30900 


36 


!l 


69122 


94005 


75117 


24883 


05995 


30878 


35 


26 


69144 
69167 


93998 


75146 


24854 


06002 


308^6 


34 


^2 


93991 


75176 


24824 


06009 


30833 


33 


28 


69189 


93984 


75205 


24795 


06016 


30811 


32 


29 


69212 


93977 


75235 


24765 


06013 


30788 


31 

30 


30 


9.69234 


9-93970 


9.75264 


10.24736 


10.04030 


10*32766 


31 


69256 


93963 


75294 


«47o6 


06037 


30744 


29 


3^ 


69279 


93955 


75323 


24677 


06045 


30721 


28 


1 33 


69301 


93948 


75353 


24647 


06052 


30699 


'?? 


34 


69323 


9394^ 


75382 


24618 


06059 


30677 


16 


H 


$9345 


93934 


7541 1 


24588 


06066 


30655 


25 


3<5 


69368 


93927 


75441 


24559 


06073 


30632 


24 


^2 


69390 


93919 


75470 


«4530 


06080 


30610 


23 


38 


69412 


93912 


75500 


24500 


06288 


30688 


22 


39 
40 


69534 


93905 


755«9 


24471 


06095 


^0666 


21 


9.69456 


9.93898 


9.75558 


01.24441 


10,06102 


10-30544 


20 


41 


69479 


93891 


75588 


24412 


06109 


30521 


19 


41 


69501 


93884 


75617 


24383 


06116 


30499 


18 


43 


69533 


93876 


75647 


24353 


06124 


30477 


^1 


44 


69545 


93869 


75676 


243^4 


0613, 


.30455 


16 


"*! 


69567 


93862 


75705 


24*95 


06138 


30433 


15 1 


46 


69589 


93855 


75735 
75764 


24265 


06145 


3041 1 


14 


47 


69611 


93847 


24236 


06153 


30389 


13 


4« 


69633 


93840 


75793 


24207 


06160 


30367 


12 


49 
50 


69655 


93833 


75822 


24178 


06167 


30345 


11 
10 


9.69677 


9.93826 


9.75852 


1C.24148 


10.06274 


10.30323 


51 


69699 


93819 


7.5881 


2^119 


06181 


30301 


9 


5a 


69721 


93811 


75910 


24090 


o6t8o 


30279 


8 


53 


69743 


93804 


75940 


24060 


06196 


30256 


7 


54 


69765 


937 '7 


75969 


24031 


06203 


30235 


6 


^1 


69787 


93789 


75998 


24002 


06210 


30213 


5 


5^ 


69809 


93782 


76027 


83973 


06218 


30191 


4 


^2 


69831 


93775 


76056 


23944 


06225 


30169 


3 


5« 


69853 


93768 


76086 


. 23914 


06232 


30147 


2 


l£ 


• 65874 


93760 


76115 


23885 


06240 


30125 


I 


60 


69897 


93753 


76144 


23856 


06247 


30103 




M. 


Co-sine. Sjne. | 


Co-lang 


Tangent 


Co-sec. 


Secant. 



€0 Degrees, 



438 Arti/lcial Sinea, Tang, and S^i. SO Deg- 







Sine. 


Co-sinc 


TaniT. 


Co-tung 


b>c-nt. 


Co-sec. . 


60 




9.69897 


9-93753 


9.76144 


10.23856 10.06247 


10.30003 




1 


69919 


93746 


76173 


238471 06254 


30081 


59 




a' 


69941 


9373» 


76202 


2379« 


06261 


30059 


58 




3 


69963 


9373' 


76231 


2376y 


06269 


3<^^37 


57 




4 


69984 


93^7^4 


76261 


2373V 


0627(1 


30016 


56 




5 


70006 


9^717 


76290 


23710 


06283 


29994 


55 




6 


70028 


93709 


76319 


23631 


06291 


29972 


54 




7 


70050 


9>702 


76348 


2365- 


06298 


29950 


53 




8 


70072 


93^ "JS 


, 76377 


23623 


06305 


29928 


52 




9 


70093 


93687 


76406 


23594 


06313 


29907 


51 




lO 


9.70115 


9,93680 


9*76435 


10.23565 


10.06320 


10.29885 


yo 




11 


7<'i37 


93673 


, 76464 


23536 


06327 


29864 


49 




li 


70159 


93665 


76493 


23507 


06335 


29841= 


48 




»3 


70180 


93^58 


765:2. 


23478 


06342 


29^820 


*I 




14 


70202 


93650 


76551 


23.449 


06350 


29798 


46 




;i 


70224 


93643 


76580 


23420 


06357 


19776 


45 




70245 


93636 


76609 


2339^ 


06364 


29755 


.44 




■ »7 


70267 


93628 


76639 


23361 


06372 


. 29733 


43 


\ 
) 


i8 


70288 


93621 


76668 


23332 


0^79! 
06386: 


. 29712 


42 


I 


«9 


7.0310 


936M 


76697 


. . 23303 


29690 


41 


; 


20 


9-7»33^ 


9.93606 


9.76725 


10.23274 


10.06394 


io.25j668 


4» 


; 


21 


70353 


93699 


76754 


23246 


0640 L 


^9647 


^t 




21 


70375 


93591 


76783 


23217 


06409 
06410 


2^^625 


38 




ij 


70396 


935^4 


7d8i2 


2ai88 


2§6o4 


^l 


f 


24 


70418 


9S577 


76841 


. 23159 


064231 


: 29582; 


36 


1 


*$ 


70439 
70461 


9S569 


76870 


23130 


. 0643 l( 


\ n5^^ 


35 


j 


26 


935<5i 


76899 


23IOI 


06^438 


. 291532 


34 




17 


70482 


93554 


76923 


23073 


06446 


2^51 » 


33 




28 


70504 


9:^47 


76957 


23043 


0^453 


2$t49" 


32 




29 


70525 


93539 


76986 


23014 


06461 


. 29475 


...?' 


J 


30 


9'70547 


9^35^2 


9.77015 


ta,229»5 


10,06468 


TP.29453 


. yj 




3^ 


70568 


9^*5 


77044 


22956 


06475 


29432 


^? 


t 


a» 


70690 


93517 


77073 


22927 


06483 


29410 


28 




53 


706 IT 


93507 


77I01 


22899 


06490 


: 29389 


"^2 




34 


7^^^33 


93502 


• 77130 


28870 


06498 


. 29367 


26 


1 


35 


7065* 


93495 


77159 


. 22841 


06505 


: 29346 


25 


1 


3^ 


70675 


93487 


77188 


^ 22812 


. 06513 


. 29325 


24 




37 


70697 


93480 


77217 


. 22783 


06520 


' 29303 


33 




3« 


70718 


93472 


77 846 


82754 


06538 


2928 J 


22 




39 


70739 


93463 


77274 


22726 


06535 


29261 


21 




40 


9,70761 


. 9-93457 


. 9.77303 


10.22697 


10.06543 


10,29259 


20 




41 


70783 


93450 


77332 


22668 


06550 


29218 


'2 




4,2 


70803 


93442 


77361 


. «2639 


06558 


. 29197 


18 




4<3 


70824 


93433 


77390 


23610 


06565 


2917s 


n 




44 


70846 


93427 


774 »8 


22582 


06573 


29154 


16 




45 


70867 


93420 


77447 


2a553 


. 06580 


• «9»33 


15 




40 


70888 


93412 


77476 


22524 


06588 


29112 


14 


1 


47 


70909 


93405 


77505 


22495 


: 06595 


29091. 


13 




48 


7093* 


93397 


77533 
77562 


22467 


06603 


29069 


12 




49 


70952 


93300 


22438 


c66io 


2904S 


II 




50 


9-70973 


9-933*2 


9-7759^ 


10,22409 


jo«o66i8 


10.99027 


10 




51 


70994 


93375 


77619 


at38i 


06625 


29006 


9 




5* 


71015 


93367 


77648 


22352 


06633 


28985 


8 


i 


53 


71036 


93360 


77677 


•2323 


06640 


28964 


I 




54 


71058 


93352 


77705 


22294 


06648 


28942? 


6 




55 


71079 


9a344 


77734 


. 02266 


: 06656 


28921' 


5 




56 


71100 


93337 


77763 


22237 


06663 


1:8900 


4 




57 


71 121 


93329 


77791. 


2220S 


06671 


28879 


3 




58 


71 142 


93322 


7782a 


ft2l8o 


; 06678 


28858 


d 




59 


71163 


933M 


77849 


^^151 


06686 


^\lH 


X 




6b 


7*184 


93307 


77877 


22123 


06693 


18816 









Co-sine. 


bine. 


Co-tang 


Tang. 


Co-scc. 


Sccaiit. 


M. 



59 D.egret8« 



■Artificial Sines, Tang, and Sec. 31 Deg. 4«^ 



i 





Sine. 


Co-hirie. 


Tanp. 


^^o^tang 


Secant jCj^o-src 


^1 




9.7^34 


9-933<^7 


9.79877 


10.2213^3 


10,06693' io,2h8t6 


60 f 




X 


71205 


93299 


79906 


22094 


0670: 


28795 


59 ii 




2 


71226 


93291 


79935 


22065 


06 7c 9 


28774 


58 1} 




3 


'71247 


93284 


799*^3 


22037 


06716 


28753 


57 if 




4 


7x268 


93276 


79992 


22008 


06724 


2873* 


56 1} 




5 


71289 


93269 


78021 


21980 


06731 


2S711 


55 rl 




6 


71310 


93261 


78049 


21951 


06739 


aoor^o 


54 




7 


71331 


93*5;» 


78077 


21923 


06747 


28669 


53 




8 


7135- 


93246 


78106 


21S94 


06754 


28648 


52 




9 


7^373 


93238 


78 '35 


21865 


06762 


28627 


51 
50 




lO 


9-71393 


9.93230 


9.78163 


10.21837 


10,06770 
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79035 


20365 
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79663 
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07197 
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92795 


79747 
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92787 
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^9 
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33 
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92579 
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27 


34 
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26899 


16 


35 
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92556 
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36 
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H 
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23 


38 
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21 


^r 
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11 


40 
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19*75 
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92506 
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92465 


80892 


19108 
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92433 
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59 




' 


j! 
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73689 
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07674 
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1 
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186 10 
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JO 


737^^5 
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077 V5 


26 3 1 5 
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32260 
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14 
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18362 
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^5 
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i6 
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91^17 
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44 






57 
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iB 
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20 
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iOi26ooi 






^t 
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25166 


56 


' 5 


74850 


91815 
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.7 
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91617 


»a659 
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31 
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*2 


3i 
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28 


33 
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84632 


^2 


34 


75386 
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83822 
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08437 
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26 


35 
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9*556 


83849 
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«5 


3^ 
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24577 


24 


37 
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83903 
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83930 
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28 


39 
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40 
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20 


41 
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15989 


08496 
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19 


42 
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18 


43 
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24449 


17 


44 
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16 


45 
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